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Abstract 
The link between video game play and aggression is an important issue as video games 
are the fastest growing form of entertainment in the world. Past research on this 
association has been focused primarily on the link between video game violence and 
aggression; however, this research has confounded the effect of video game violence 
versus competition on aggression. The main goal of the current dissertation, therefore, 
was to examine the short- and long-term associations between competitive video game 
play and aggression. In addition, the longitudinal work on this association to date has 
been limited to adolescent samples, but not young adults. Thus, the second goal of the 
dissertation research was to investigate whether video game play predicts aggression in 
the long-term among young adults in addition to adolescents. To address these goals, 
three studies were conducted. Study 1 consisted of a series of experiments examining the 
short-term effect of video game violence versus competition on aggression. Study 2 
examined the long-term association between competitive video game play and aggression 
among adolescents, and Study 3 examined this long-term link among young adults, in 
addition to adolescents. Taken together, the results of the three dissertation studies 
converged to suggest that video game competition, rather than violence, may be a 
stronger predictor of aggression in both the short- and long-term. Overall, the current 
research represents an important advance in our understanding of the association between 
video game play and aggression, and leads to a new direction in the video game and 
aggression literature. 
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Chapter 1: General Introduction 
 The video game industry is the fastest growing form of entertainment in the 
world, with a global market value of $67 billion in 2010 and a predicted value of $112 
billion by 2015 (Biscotti et al. 2011). Given the extreme popularity of video games, 
therefore, the scientific investigation of the association between video game play and 
aggression (i.e., behavior that is intended to harm another individual; Dodge, Coie, & 
Lynam, 2006) is important. In fact, U.S. President Barack Obama recently requested that 
Congress provide $10 million to fund research on the link between video game play and 
violent/aggressive behavior (Dinan, 2013). Over the past two decades, the majority of 
research on the link between video game play and aggression has been focused on the 
effect of violent video game content on elevating aggression (see Anderson et al., 2010 
for a review; but see Ferguson & Kilburn, 2010 for critiques of this work). A potential 
confound exists in this literature, however, which has not been adequately addressed by 
researchers in this field. Specifically, violent video games in general tend to be more 
competitive than non-violent games (Carnagey & Anderson, 2005), yet most researchers 
have not attempted to control for competition when examining the link between violent 
video game play and aggression. Thus, it is unclear whether the violent content or the 
competitive content in video games has a stronger association with aggression. The 
primary goal of my dissertation work, therefore, was to examine the link between 
competitive video game play and aggression. In addition, the long-term association 
between video game play and aggression primarily has been examined among 
adolescents (e.g., Adachi & Willoughby, 2013; Krahé & Möller, 2010; Möller & Krahé, 
2009; Willoughby, Adachi, & Good, 2011), but not young adults. Thus, the second goal 
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of the dissertation research was to examine whether video game play predicts aggression 
in the long-term among young adults in addition to adolescents. 
To examine the association between competitive video game play and aggression, 
I conducted three studies. Study 1 consisted of a series of experiments in which I matched 
video games on violence and competition, in order to test the short-term effects of each 
game characteristic on aggression among a sample of young adults. I then conducted 
longitudinal studies of adolescents (Study 2) and young adults (Study 3) in which I 
examined the long-term association between competitive video game play and 
aggression. Given the current public concern about the effects of video games on 
aggression (e.g., Parents Television Council, 2011), this research has practical 
implications for social policy and intervention efforts to reduce aggression. For example, 
the current research may encourage caution among researchers when making causal 
conclusions regarding the link between video game violence and aggression to inform 
public policy (see Ferguson, 2013). In addition, this research elucidates the specific 
elements of video game play that are associated with aggression, which can inform 
intervention efforts.  
As the first author of the three published studies, I conceived the research 
questions and hypotheses. I collected the data in Study 1 and contributed to data 
collection in Study 3, and I independently conducted the statistical analyses for each 
study. In addition, I wrote a full draft of each manuscript that was submitted for 
publication. I collaborated with my advisor, Dr. Teena Willoughby, who is the second 
author on each study, in the crafting of all three publications.  
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Theoretical Background: The Frustration-Aggression Hypothesis and Self-
Determination Theory 
The Frustration-Aggression Hypothesis. The frustration-aggression hypothesis 
(Berkowitz, 1989; Dollard, Doob, Miller, Mowrer, & Sears, 1939) offers a cogent 
explanation for the link between competition and aggression. This hypothesis posits that 
when an individual’s goal is thwarted (or threatened), the individual may experience 
aggressive affect such as anger and hostility, which, in turn, may make the individual 
more likely to behave aggressively. Importantly, people are even more likely to become 
aggressive if they believe that their goal is deliberately blocked than if they believe that 
the goal thwarting is inadvertent (e.g., Berkowitz, 1989; Kulik & Brown, 1979). In 
addition to experiencing aggressive affect associated with the goal thwarting experience, 
when an individual’s goal is deliberately blocked the individual may feel that he/she has 
been “attacked personally,” which may further influence aggressive affect, and, in turn, 
aggressive behavior (Berkowitz, 1989, p. 68).  
The frustration-aggression hypothesis is especially pertinent for explaining the 
link between competition and aggression, therefore, as competitors deliberately block 
each other’s goal of winning the competition during competitive encounters (Berkowitz, 
1962). For example, when competing against another player in a video game (either a 
human opponent or a computer-generated opponent), each player’s goal of winning 
directly impedes the other player’s goal of winning, as only one player can be victorious. 
Thus, the deliberate goal thwarting that occurs during competitive video game play may 
result in elevated levels of anger and hostility, and, in turn, anger and hostility may lead 
to elevations in aggressive behavior. Furthermore, competition may lead to elevations in 
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aggressive affect and aggressive behavior even among competitors who reach their goal 
of winning the competition (Berkowitz, 1989). For example, research with children has 
shown that although competitors who reached their goal of winning a competition 
behaved less aggressively than participants who lost the competition, winners still 
behaved more aggressively than participants in the control group who were not involved 
in competition (e.g., Nelson, Gelfand, & Hartmann, 1969). Thus, elevations in aggression 
that are produced by a competitive experience (e.g., the deliberate obstruction or threat of 
obstruction of one’s goals) may not be fully assuaged by achieving the end-goal of 
winning.  
Self-Determination Theory. The prominent theory of human motivation, Self-
Determination Theory (SDT; Deci & Ryan, 2000; Ryan & Deci, 2000), offers a more 
fundamental explanation of the link between competitive video game play and 
aggression. The primary focus of SDT is on the degree to which social contexts satisfy 
three universal human needs: competence (sense of efficacy), autonomy (personal 
agency), and relatedness (social connectedness). According to SDT, the satisfaction of 
these basic needs facilitates optimal functioning, intrinsic motivation, and well-being. In 
contrast, the impedance (or threat of impedance) of these needs undermines intrinsic 
motivation and may produce human aggression (e.g., Ryan, Deci, Grolnick, & La 
Guardia, 2006; Ryan & Grolnick, 1986; Weinstein, Hodgins, & Ostvik-White, 2011). 
 Recently, researchers have applied an SDT-based approach to study the effect of 
video game play on aggression (see Pryzbylski, Rigby, & Ryan, 2010). Przybylski, Deci, 
Rigby, & Ryan, (2014) demonstrated that the impedance of players’ satisfaction of their 
need for competence during video game play produced elevations in aggressive thoughts, 
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feelings, and behavior. For example, they found that more difficult video games impeded 
participants’ competence need satisfaction to a greater degree than less difficult video 
games, and, in turn, competence impedance predicted higher levels of aggression. 
Furthermore, they demonstrated that violent content was not a significant predictor of 
motivational or aggressive outcomes, suggesting that human need satisfaction/thwarting, 
but not violent content, had robust associations with aggression. Importantly, an SDT-
based approach also could be applied to the link between competitive video game play 
and aggression. Whereas the frustration-aggression hypothesis suggests that the 
impedance (or the threat of impedance) of one’s goal of winning a video game 
competition may influence aggressive affect, and, in turn, aggressive behavior 
(Berkowitz, 1989), an SDT-based approach predicts that the critical impedance is at the 
fundamental level of need satisfaction (e.g., competence need impedance), which, in turn, 
may elevate aggression (Przybylski et al., 2014).  
The Effect of Video Game Violence versus Competition on Aggression: A Case for 
the Existence of a Competitive Confound 
 Over the past two decades, the research on the short-term link between video 
game play and aggression has been primarily focused on the violent content in games. 
Indeed, several studies have found a positive association between violent video game 
play and aggression, and a negative association between violent video game play and 
prosocial behavior (see Anderson et al., 2010; Ferguson, in press; Greitemeyer & Mügge, 
2014 for meta-analytic reviews of this work; but also see Breuer, Vogelgesang, Quandt, 
& Festl, in press; Ferguson et al., 2008; Ferguson, Garza, Jerabeck, Ramos, & Galindo, 
2013; Ferguson & Olsen, 2013; Ferguson & Reuda, 2010; Pryzbylski, et al., 2014; Tear 
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& Nelson, 2013; Williams & Skoric, 2005 for evidence of null effects of violent content). 
However, research demonstrating an effect of violent video game play on aggression has 
been critiqued (e.g., Adachi & Willoughby, 2011; Elson & Ferguson, 2013; Ferguson et 
al., 2008; Ferguson & Dyck, 2012; Ferguson & Kilburn, 2010). For example, researchers 
have noted that the majority of studies reporting a positive association between violent 
video game play and aggression have confounded the effect of video game violence 
versus competition on aggression (see Adachi & Willoughby, 2011). Specifically, 
researchers who have found that playing a violent video game produced more aggression 
than a non-violent game in an experimental study often did not match the games on 
competitiveness prior to testing. This is problematic, as violent video games in general 
tend to be more competitive than non-violent games (Carnagey & Anderson, 2005). 
Players compete in shooting battles with opponent characters in first-person shooter 
games (e.g., the Call of Duty series), for example, or in hand-to-hand combat in fighting 
games (e.g., the Mortal Kombat series). In contrast, many non-violent video games do not 
involve competition with other opponent characters, such as puzzle games (e.g., Tetris). 
 A prime example of this confound is demonstrated in an experiment by Anderson 
and Dill (2000), in which they examined the effect of playing the violent video game 
Wolfenstein 3D versus the non-violent video game Myst on aggressive behavior in the 
short-term. Specifically, Wolfenstein 3D is a first-person shooter game in which the 
player competes in shooting battles for survival with every other opponent character in 
the game. Thus, Wolfenstein 3D involves high levels of competition. In contrast, Myst is 
an adventure puzzle game in which the player must solve a series of puzzles to advance 
through the game. Myst is not a competitive game, as there are no other characters in the 
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game with whom to compete. Although playing Wolfenstein 3D produced higher levels 
of aggressive behavior compared to playing Myst, therefore, it is not clear whether the 
violent content or the competitive content in Wolfenstein 3D was responsible for the 
elevations in aggression. 
 In addition, researchers examining the longitudinal association between video 
game play and aggression also have confounded video game violence versus competition 
(e.g., Anderson, Gentile, & Buckley, 2007; Möller & Krahé, 2009; Wallenius & 
Punamäki, 2008; Willoughby et al., 2012). For example, Möller and Krahé (2009) 
investigated the bidirectional association (i.e., both socialization and selection effects) 
between violent video game play and aggression in a 30-month longitudinal study of 
German adolescents. Specifically, Möller and Krahé  examined whether violent video 
game play predicted higher levels of aggression over time (socialization effect) and 
whether aggression predicted higher levels of violent video game play over time 
(selection effect). They found evidence of a socialization effect, as the results indicated 
that exposure to violent video games at time 1 predicted physical aggression at time 2 
(but not relational aggression), after controlling for aggression at time 1. In contrast, there 
was no evidence of selection effects, as neither physical aggression nor relational 
aggression at time 1 predicted greater exposure to violent video games at time 2, after 
controlling for exposure to violent video games at time 1. Yet, they did not assess 
adolescents’ exposure to competitive video game content, and thus it is unclear whether it 
was the violence or the competition in the games that was associated with aggression 
over time.  
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In summary, although research on the link between video game play and 
aggression over the past two decades has focused on the impact of video game violence 
on aggression, the link between video game competition and aggression is unclear. 
Research is needed, therefore, to investigate the association between video game 
competition and aggression in both the short- and long-term. In addition, it is important to 
examine the link between competitive video game play and aggression from a 
developmental lens. In the following section, the developmental implications of this 
association for adolescents and young adults will be discussed.   
Developmental Context: Adolescents and Young Adults  
Video game play is particularly popular among adolescents and young adults. For 
example, 97% of American adolescents aged 12 to17 years play video games and 31% 
play video games every day (Lenhart et al., 2008). In addition, 81% of 18-29 year old 
Americans play video games and half of these young adult video game players play video 
games at least a few times a week (Lenhart, Jones, & Macgill, 2008). Although the 
majority of experiments on the short-term effects of video game play on aggression have 
been conducted with young adults (e.g., Barlett, Branch, Rodeheffer, & Harris, 2009; 
Englehardt, Bartholow, & Saults, 2011; see also Ferguson & Rueda, 2010 for null 
effects), no researchers have examined long-term predictive effects during this 
developmental period. It is unclear, therefore, whether video game play has predictive 
effects on aggression over time among young adults.  
Video game play may have similar effects on behavior among adolescents and 
young adults, consistent with research on brain development during these two 
developmental periods. According to the Dual Systems Model (Steinberg 2007, 2008), 
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there is a temporal gap between a relatively early maturing affective/approach system and 
a slower maturing cognitive control system (e.g., Ernst, Pine, & Hardin, 2006). 
Specifically, it is hypothesized the early maturation of the affective/approach system is 
due to increased dopaminergic activity in subcortical brain structures such as the ventral 
striatum, which is associated with reward seeking. In contrast, the cognitive control 
network, which is hypothesized to be led by the prefrontal cortex and responsible for 
planning, judgment, and inhibition, is thought to mature gradually into the mid-20s (Ernst 
et al. 2006; Galvan et al., 2006). Neural connections among brain regions also continue to 
strengthen across adolescence into young adulthood (Dosenbach, Petersen, & Schlaggar, 
2013; Eluvathingal, Hasan, Kramer, Fletcher, & Ewing-Cobbs, 2007; Paus, 2009). Thus, 
both adolescents and young adults sometimes may have difficulty in regulating their 
arousal and may be more likely to engage in risk-taking behaviors (Steinberg, 2007; 
2010), such as aggression, relative to other age groups. Competitive video game play may 
lead to elevations in aggression among young adults, therefore, similar to adolescents. 
Research examining the longitudinal link between competitive video game play and 
aggression among adolescents as well as young adults, therefore, is needed to address this 
developmental question. 
Overview of the Current Studies 
Overall, the goal of my dissertation research was to examine the short- and long-
term associations between competitive video game play and aggression among 
adolescents and young adults. Study 1 consisted of two experiments in which I tested the  
short-term effect of video game violence versus competition on aggressive behavior 
among young adults. Importantly, to examine the effect of video game violence on 
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aggression I first conducted a pilot study to find games that were matched on 
competitiveness but different in terms of violence. Similarly, to examine the effect of 
video game competition on aggression, I first conducted a pilot study to find games that 
were systematically matched in terms of violence, but differed in terms of 
competitiveness. This was the first study to date to directly test the effect of competitive 
video game content on aggression. 
 After examining the short-term effect of video game competition on aggression in 
Study 1, I then investigated the long-term association between competitive video game 
play and aggression among adolescents in Study 2. In addition, if competition in video 
games is associated with aggression, then other competitive activities, such as 
competitive gambling, also may predict aggression over time. The goal of Study 2, 
therefore, was to examine the long-term associations between adolescent aggression and 
competitive video game play, and between adolescent aggression and competitive 
gambling. Importantly, whereas past researchers have confounded the longitudinal link 
between aggression and video game violence versus competition by using measures of 
violent video game play which did not account for the level of competition in the games 
(e.g., Anderson et al., 2007; Möller & Krahé, 2009), we eliminated this confound by 
assessing adolescents’ playing of competitive video games that were non-violent (i.e., 
sports and racing games). Similarly, we assessed adolescents’ involvement in competitive 
gambling activities that did not involve violence (i.e., playing cards for money, betting on 
sporting events). Thus, positive associations found between aggression and competitive 
video game play, and between aggression and competitive gambling would suggest that 
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the competition, rather than the violence in these activities, likely is the driving force 
behind these links. 
Although I investigated the longitudinal association between competitive/non-
violent video game play and aggression in Study 2, I did not examine the link between 
violent video game play and aggression. To date, there is a dearth of longitudinal research 
which has simultaneously examined the predictive effects of violent video game play, as 
well as non-violent video game play, on aggression. Thus, the first goal of Study 3 was to 
examine the fundamental question of whether violent video game play (i.e., 
action/fighting games) and non-violent video game play (i.e., sports/racing games) each 
had unique long-term associations with aggression. Next, given that action/fighting 
(violent) video games and sports/racing games (non-violent) video games are both highly 
competitive, the second goal was to examine the long-term predictive effect of the 
commonality (e.g., competitiveness) among action/fighting video game play and 
sports/racing video game play on aggression. The third goal of Study 3 was to investigate 
a potential underlying mechanism of the long-term link between video game play and 
aggression. Specifically, consistent with the frustration-aggression hypothesis, I 
examined whether aggressive affect was an underlying mechanism of this long-term 
association. Finally, the long-term association between video game play and aggression 
primarily has been examined among adolescents (e.g., Adachi & Willoughby, 20130; 
Krahé & Möller, 2010; Möller & Krahé, 2009; Willoughby et al., 2011), but not young 
adults. Thus, the fourth goal of Study 3 was to examine whether video game play predicts 
aggression in the long-term among young adults in addition to adolescents. 
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Taken together, these three dissertation studies investigated the short- and long-
term associations between competitive video game play and aggression among 
adolescents and young adults, representing an important advance in the video game and 
aggression literature. In addition, this research examined a potential underlying 
mechanism of the long-term link between video game play and aggression, which is 
grounded in the frustration-aggression hypothesis. Finally, my dissertation research has 
important developmental implications, as Study 3 is the first to examine the long-term 
association between video game play and aggression among young adults.  
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Chapter 2 (Study 1): The Effect of Video Game Competition and Violence on 
Aggressive Behavior: Which Characteristic has the Greatest Influence?
1
 
The effect of violent video games on aggression, which is defined as behavior that 
is intended to harm another individual (Coie & Dodge, 1998), is a hot topic today as 
video games continue to increase in popularity. For instance, a large scale study in the 
United States found that 88% of youth aged 8 to 18 years play video games (Gentile, 
2009). In terms of frequency, youth played 3 or 4 times per week on average (median) 
and the average amount of time spent playing video games per week was 13.2 hours. 
Although some research has failed to find a relation between violent video game play and 
aggression (e.g., Ferguson et al., 2008; Ferguson & Reuda, 2010; Williams & Skoric, 
2005), other research has shown that playing violent video games produces higher levels 
of aggressive behavior, aggressive cognition, aggressive affect and physiological arousal 
in the short-term than non-violent video games (see Anderson, Gentile & Buckley, 2007). 
However, there are three major limitations with the studies that have found an effect.  
First, to date, no study has matched a violent and non-violent video game on 
competitiveness, difficulty, and pace of action simultaneously, and thus, the violent 
content has not been isolated.  Consequently, it is unclear whether the violent content 
alone is responsible for elevated levels of aggression. Second, previous experimental 
studies have tended to use a measure of aggression that may also measure 
                                                 
1
 A version of this chapter has been published. Adachi, P. J. C., & Willoughby, T. (2011). 
The effect of video game competition and violence on aggressive behavior: Which 
characteristic has the greatest influence? Psychology of Violence, 1, 259-274. 
doi:10.1037/a0024908. 
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competitiveness, leading to questions about whether violent video games are related to 
aggression or competitiveness. Third, the effect of video game competition on aggressive 
behavior has not been examined. Hence, the goal of the current study was to examine 
whether a violent video game produced greater levels of aggression than a non-violent 
video game using an unambiguous measure of aggressive behavior, when both games 
were equated on competitiveness, difficulty, and pace of action. In addition, we tested 
whether a competitive video game produced more aggressive behavior than a less 
competitive video game when matched on violence, difficulty, and pace of action.  
The General Aggression Model 
 The most comprehensive theory of the association between violent video games 
and aggression is Anderson and Bushman’s (2002) General Aggression Model (GAM), 
which was adapted from past theories of aggression (see also Anderson & Carnagey, 
2004 for a detailed description of the model). The model depicts a cyclical relationship 
between an individual and the environment, in which person variables such as trait 
hostility, as well as situation variables such as exposure to real-world or media violence 
(e.g., violent video games), interact to influence an individual’s present internal state.  
Within an individual’s internal state are cognition (aggressive scripts or hostile thoughts), 
affect (anger and frustration) and arousal (elevated heart rate or blood pressure). 
Cognition, affect, and arousal are the hypothesized mechanisms that interact to then 
influence an individual’s aggressive behavior. According to Anderson and Bushman, 
violent video games function as a situation variable that can increase aggressive 
cognition, affect, and arousal, in turn leading to increased aggressive behavior. 
Empirical Background 
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Experimental studies examining the short-term effect of violent video games on 
aggression have typically involved randomly assigning participants to play either a 
violent or non-violent video game, followed by a measure of aggression (e.g., Bushman 
& Anderson, 2002).  Some of the researchers have found that participants in the violent 
video game condition have shown more aggression than participants in the non-violent 
condition for both males and females (see Anderson et al. 2007; 2010 for a detailed 
review, as well as Ferguson & Kilburn, 2010, for a critique of this research). However, 
there are three limitations with this research that have yet to be concurrently addressed in 
a single study. Each limitation will be reviewed in turn. 
Differences between violent and non-violent video games other than violence. 
In general, violent video games tend to be more competitive than non-violent video 
games (Carnagey & Anderson, 2005). Consequently, studies that have found that violent 
video games produced more aggression than non-violent video games, but failed to 
equate the games on competitiveness, cannot conclude that the violent content alone was 
responsible for the elevated levels of aggression. We propose that violence (e.g., fighting, 
shooting, killing), competitiveness (e.g., competing with other players or computer-
controlled opponents), difficulty (e.g., how difficult the game is to successfully 
complete), and pace of action (e.g., rate of speed of action sequences) are four main video 
game characteristics that may influence aggressive behavior through the mechanisms 
(i.e., physiological arousal, aggressive cognition, and aggressive affect) proposed by the 
GAM (see Adachi & Willoughby, 2011, for a detailed explanation).  For example, 
Barlett, Branch, Rodeheffer, and Harris, (2009) found that a violent video game produced 
greater elevations in heart rate, hostility, aggressive thoughts, and aggressive behavior 
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compared to a non-violent video game.  Similarly, video game competition may influence 
heart rate, as well as aggressive thoughts and feelings (see Adachi & Willoughby for a 
more detailed discussion regarding the relation between competition, difficulty, and pace 
of action, and the mechanisms proposed by the GAM).   
Although researchers have attempted to equate games on competitiveness, 
difficulty, and pace of action, no one to date has equated a violent and non-violent game 
on these characteristics simultaneously. For example, Carnagey and Anderson (2005) 
attempted to control for competition while examining the effect of video game violence 
on aggressive behavior by manipulating the game-play settings of the car-racing video 
game Carmageddon 2. Participants were randomly assigned to one of three conditions: 1) 
awarded points for destroying other vehicles during the race (violence rewarded), 2) 
deducted points for destroying other vehicles during the race (violence punished), or 3) 
could not come into contact with other vehicles during the race (non-violent). Since the 
same game was used in all three conditions, Carnagey and Anderson assumed that the 
level of competitiveness across the conditions was equal; however, without having 
participants rate each condition in terms of competitiveness, it is unclear whether they 
were actually equal. For instance, in the violence-punished and non-violent conditions, 
there is only one competitive goal: defeat the other opponents in the race. However, in 
the violence-rewarded condition there are two competitive goals: defeat the other 
opponents in the race and defeat the other opponents in a battle for survival. Thus, the 
violence-rewarded condition contained more competition which may have caused 
participants to feel more competitive, and in turn, behave more aggressively than the 
participants in the violence-punished and non-violent conditions.  
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Problems with measures of aggression. The most commonly used measure of 
aggressive behavior in the violent video game literature is the modified Taylor 
competitive reaction time test (TCRTT; Epstein & Taylor, 1967), in which the participant 
is told that he or she is competing with another participant (confederate) to see who can 
push a button faster upon the appearance of a cue.  After each trial, the winner chooses 
the intensity and duration of a punishment for the loser (such as a loud noise blast). The 
level of punishment intensity and duration that the participant sets for his or her opponent 
are indicative of aggressive behavior.  
The first problem with the modified TCRTT is that the participant’s motivation to 
behave aggressively is ambiguous (see Adachi & Willoughby, 2011).  Because 
aggression refers to behavior that is intended to harm another individual, it is unclear 
whether participants view their behavior as competitive instead of aggressive, in that 
participants’ motivation to give intense punishments may be to slow their opponents’ 
response time on subsequent trials, thus allowing participants to win the competition 
(Lieberman et al., 1999).  Furthermore, because violent games generally involve more 
competition than non-violent games, violent video games may prime competitive 
schemas more than non-violent video games, making the competitive element of the 
TCRTT especially salient. The second problem with the modified TCRTT is that it has 
been shown to lack validity as a measure of aggressive behavior. Ferguson and Rueda 
(2009) found that both intensity and duration scores for the modified TCRTT were not 
related to paper and pencil measures of trait aggression, domestic violence, or violent 
criminal behavior.    
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 In order to assess direct and unambiguous aggressive behavior, Lieberman et al. 
(1999) created the Hot Sauce Paradigm. In the Hot Sauce Paradigm, the participant is 
given an already completed food preference questionnaire and told that another 
participant down the hall has completed this questionnaire and, as indicated by the 
questionnaire, does not like hot or spicy food. The participant is then given four bottles of 
hot sauce ranked in terms of hotness and is informed that his or her job is to choose one 
of the four bottles and mix up some hot sauce for the other participant to drink. The 
amount of hot sauce given and the degree of hotness is indicative of overt aggressive 
behavior (Barlett et al., 2009), and there are no competitive benefits gained from 
administering a hotter sauce to the confederate.  Furthermore, Lieberman et al. found that 
scores on this paradigm were positively related to both trait and physical aggression 
scores on the Buss and Perry (1992) Aggression Questionnaire, supporting the 
convergent validity of the Hot Sauce Paradigm, although to date no study has measured 
its association with aggressive behavior outside the lab.  
Aggression-related video game characteristics. Research regarding the effects 
of video game difficulty and pace of action on aggressive behavior is scarce. In contrast, 
competition has been shown to be related to aggression. For example, Anderson and 
Morrow (1995) examined whether giving participants competitive versus cooperative 
instructions led to differences in how aggressively they played the video game Super 
Mario Brothers.  In this game, various creatures try to attack the main character (Mario 
or Luigi), and the main character in turn has the option to either attack the creatures or try 
to avoid them. Participants played the game in pairs, and each participant took turns 
playing the game. In the competitive condition, participants were told that their goal was 
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to get further in the game than the other participant, and the participants each used a 
different character (Mario or Luigi). In the cooperative condition, participants were told 
that their goal was to get as far in the game as possible together, and they took turns using 
the same character (Mario). Anderson and Morrow found that participants in the 
competitive condition killed significantly more enemy creatures than participants in the 
cooperative condition. Thus, they concluded that competition elevated aggressive 
behavior compared to cooperation (see also Williams & Clippinger, 2002).    
 Although Anderson and Morrow (1995) used a video game that is competitive in 
nature, the game is not very violent (also true for Williams & Clippinger, 2002). 
Specifically, the violence is cartoonish and unrealistic. Schmierbach (2010) addressed 
this gap in the literature by examining the effect of competitive video game play on 
aggressive cognition using the violent first-person shooter video game Halo. In Halo, the 
main character must compete in a battle for survival with the other opponent characters 
using a variety of different guns. Schmierbach randomly assigned pairs of participants to 
one of three conditions: 1) participants played the game on their own against computer 
opponents (solo mode), 2) participants played against each other in a one-on-one battle 
(competitive mode), and 3) participants played on the same team against computer 
opponents (cooperative mode). Immediately after video game play, participants 
completed a word completion task to assess aggressive cognition. The results showed that 
participants in the competitive condition had the highest aggressive cognition scores, 
followed by participants in the solo condition, while participants in the cooperative 
condition had the lowest aggressive cognition scores. Thus, consistent with past research, 
it appears that competition in a video game elevates aggression compared to cooperation.  
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The Current Studies 
 The purpose of Pilot Study 1a was to test whether two games chosen through pilot 
testing differed in terms of violence, but were matched in terms of competitiveness, 
difficulty, and pace of action. The two matched games were then used in Experiment 1a 
to test the effect of video game violence on aggressive behavior (the Hot Sauce 
Paradigm).  Pilot Study 1b was conducted to test whether four video games chosen 
through pilot testing were matched on difficulty and pace of action, but differed on 
violence and competitiveness, such that two of the games were equally violent but one 
was more competitive than the other, while the other two games were equally non-violent 
but one was more competitive than the other. These four games were then used in 
Experiment 1b to test the effect of video game competition on aggressive behavior, and 
whether there was an interaction between competition and violence.  
Pilot Study 1a 
 The goal of Pilot Study 1a was to test whether a violent action video game called 
Conan (THQ, 2007) and a non-violent racing video game called Fuel (Codemasters, 
2009) were matched on game characteristics, but differed in violence. The goal was then 
to use these games in Experiment 1a. Conan is a violent game in which the main 
character must compete in a battle for survival using swords and axes against the 
opponent characters in order to progress through the levels. Fuel is a non-violent racing 
game in which the main character must compete in several different races using vehicles 
such as motorcycles and ATVs.  
Fourteen Introductory Psychology students from a mid-sized university in 
Ontario, Canada (6 males, 8 females; M age = 20 years, 1 month) played the violent 
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video game Conan and the non-violent video game Fuel for 12 minutes each in a 
counterbalanced order.  This study was approved by the University Ethics board and all 
participants provided active consent before participation. The games were played on an 
XBOX 360 gaming system and 42-inch television screen. In order to accurately compare 
participants’ ratings of game characteristics, we controlled for their previous experience 
with the relevant video game genres of action (Conan) and racing (Fuel). Participants 
also completed a demographic questionnaire that assessed age and gender.  
Participants rated each game in terms of the four video game characteristics.  
Violence was measured on a scale from 1 (very low) to 7 (very high) by asking “how 
violent was the game.”  Difficulty was measured by asking “how difficult was the game” 
on a scale of 1 (very low) to 7 (very high). Pace of action was assessed on a scale from 1 
(very slow) to 7 (very fast) by asking “how was the pace of the game.”  Competitiveness 
was assessed on a scale from 1 (very low) to 7 (very high) using Anderson and 
Carnagey’s (2009) four questionnaire items: “to what extent did this video game involve 
competition”, “to what extent did you feel like you were competing with your opponents 
(i.e., in a battle or in a race)”, “how competitive was this video game”, and “how hard 
were you trying to win the game/match/contest.” Alphas for the competitiveness scale 
were acceptable for both Conan (α = .86) and Fuel (α = .78).   
 Participants’ experience with the two genres of games (action and racing) did not 
significantly differ, F(1,12) = 3.41, p > .05, partial η2 = .22.  A repeated measures 
ANOVA was then conducted to compare the two video games on the four video game 
characteristics of violence, competitiveness, difficulty and pace of action. Sex was 
included as a between-subjects variable and experience with racing and action games 
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were entered as covariates. Only the type of game (i.e., Conan and Fuel) x game 
characteristics (i.e., violence, competitiveness, difficulty, and pace of action) interaction 
was significant, F(3,30) = 7.59, p < .01, partial η2 = .43. To assess this interaction, 
followup analyses were conducted to compare each of the four video game characteristics 
between the two games (see Table 1 for mean ratings). Conan was rated as significantly 
more violent than Fuel. However, the two games did not differ on competitiveness, 
difficulty, or pace of action.  Consequently, Conan and Fuel were used in Experiment 1a 
to test whether video game violence alone could produce elevations in aggressive 
behavior.  
Experiment 1a 
 The purpose of Experiment 1a was to test whether Conan and Fuel produced 
differences in aggressive behavior when using an unambiguous measure of aggressive 
behaviors, the Hot Sauce Paradigm.  Similar to Barlett et al. (2009), deception was used 
to disguise the purpose of the Hot Sauce Paradigm so that participants would not be 
aware that we were assessing the effect of violent video games on aggressive behavior. 
Specifically, participants were told that they were participating in two unrelated studies 
looking at 1) video game play and eye-gaze and 2) food preference and personality (the 
hot sauce paradigm). In terms of expectations: 1) No specific hypothesis was made as to 
whether there would be a main effect of game. That is, it was not clear whether 
differences in hot sauce scores (i.e., standardized summation of the amount of sauce and 
the degree of hotness) would be found between the two video games, as this was the first 
study to match a violent and non-violent game on competitiveness, difficulty, and pace of 
action; 2) We predicted a main effect for sex, with males expected to have higher hot 
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Table 1          
Pilot Study 1a and Experiment 1a Mean (SD) Ratings of Video Game Characteristics for Conan and Fuel    
Pilot Study 1a  Experiment 1a  
  Video game     Video game     
Game rating Violent Non-violent F
a
 Partial η2 Violent Non-violent Fb Partial η2 
Violence 5.36 (1.28) 1.50 (0.52)   19.31** 0.66 5.14 (1.35) 2.05 (1.20)      61.75*** 0.63 
Competition 5.07 (1.23) 5.54 (1.30) 0.21 0.02 5.00 (0.99) 5.19 (1.19) 0.15 0.00 
Difficulty 3.93 (1.07) 3.71 (1.44) 0.35 0.03 3.00 (1.14) 3.48 (1.17) 2.54 0.07 
Pace of action 5.07 (0.83) 4.93 (1.21) 0.64 0.06 4.74 (1.08) 5.00 (0.89) 2.56 0.07 
Notes: N = 14 for Pilot study 1a and N = 42 for Experiment 1a; Violent = Conan, Non-violent = Fuel; 
a
df = 1, 10;  **p < .01; 
 
b
df = 1, 34; ***p < .001 
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sauce scores than females, consistent with past literature showing that males are more 
aggressive than females (e.g., Coie & Dodge, 1998); 3) We did not expect to find an 
interaction between game and sex as past research has shown that the relation between 
video game play and aggression does not differ for males and females (e.g., Anderson et 
al., 2010); and 4) We also included a measure of trait aggression at the end of the study to 
test the convergent validity of the Hot Sauce paradigm.  It was hypothesized that hot 
sauce scores would be moderately related to scores on a trait aggression questionnaire, 
consistent with past research (e.g., Lieberman et al., 1999, r = .30; Ferguson & Rueda, 
2009, r = .25).  
Method 
 Participants. Participants consisted of 42 Introductory Psychology students from 
the same university as in Experiment 1a (25 males, 17 females; M age = 18 years, 6 
months). There were 21 participants that played Conan (13 males and 8 females) and 21 
that played Fuel (12 males, 9 females). This study was approved by the University Ethics 
board and all participants provided active consent before participation.  Students were 
recruited using the psychology participant pool and earned course credit in exchange for 
their participation.  
 Materials.  
Demographics. As in Pilot Study 1a, a demographic questionnaire was used to 
assess age, gender, and experience with action and racing games.  Participants indicated 
how many hours per weekday and weekend (1 = not at all to 5 = 5 or more hours per day) 
that they played action and racing games.   
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 Video games and equipment. Conan and Fuel were played using an XBOX 360 
console on a 42-inch television screen.   
 Aggressive behavior. The Hot Sauce Paradigm (Lieberman et al, 1999) was used 
to measure overt aggressive behavior. Participants were asked to prepare some hot sauce 
for another participant to drink who does not like hot sauce (note that there actually was 
no other participant). Participants were asked to choose the intensity of hot sauce 
(ranging from 1 = least hot to 4 = most hot) and the amount, knowing that the other 
participant had to drink whatever amount was in the cup. Participants could also taste the 
sauce in order to see how hot it was. Aggressive behavior was operationalized as the sum 
of the standardized number (i.e., hotness rating) of sauce selected and the weight in 
grams (Barlett et al, 2009). Hot sauce was purchased from a local food establishment that 
has a ranked system of hotness for the sauces and four sauces were selected that ranked in 
order from least to most hot. Each sauce was transferred into a plastic squeeze bottle and 
was given a number from one to four (with one being the least hot and four being the 
hottest). In addition, a styrofoam cup to place the hot sauce into, a cup of water, popsicle 
sticks, and white bread (to help ease the hot sensation after tasting the sauce) were used.           
 Ratings of the video game characteristics. See Pilot Study 1a for a description. 
Alphas for the competitiveness scale were acceptable for both Conan (α = .74) and Fuel 
(α = .89).  
 Food preference. Food preference was assessed by asking “how much do you 
LIKE the following kinds of foods” for six items (i.e., sweet, savory, spicy, hot, bland, 
and salty foods) on a 1 (not at all) to 5 (extremely) scale (Barlett et al, 2009). Consistent 
with Barlett et al., we confirmed that both the degree of hotness and the amount the hot 
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sauce selected by participants was not a function of their liking hot food. Liking hot food 
did not account for a significant portion of the variability in the degree of hotness R
2
 = 
.07, F(1,40) = 2.78, p > .05, or the amount of sauce R
2
 = .04, F(1,40) = 1.44, p > .05.  
 
   
 Suspiciousness. Due to the growing popularity of research proposing a relation 
between violent video games and aggression and the fact that deception was used, a 
suspiciousness questionnaire was given which asked participants if knew the true purpose 
of the study, whether anyone had told them about the study before completing it, and 
whether they were aware of any deception (Barlett et al. 2009).  
 Trait aggression. The Buss-Perry Aggression Questionnaire (Buss & Perry, 1992) 
was used to measure trait aggression and to examine the convergent validity of the Hot 
Sauce Paradigm. The scale consists of 29 items (e.g., “once in a while, I can’t control the 
urge to strike another person”) and responses range from 1 (strongly disagree) to 7 
(strongly agree), with higher scores indicating higher trait aggression. The internal 
consistency for this scale was good (α = .89).  
 Procedure. Participants were tested one at a time by the first author. First, they 
were told that they were participating in two unrelated studies: a video game study 
examining video games and eye gaze and a study looking at personality and food 
preference. For the food study, participants were told that they were randomly assigned to 
the role of “food administrator” and that when the time came their job would be to 
prepare a certain type of food for another participant who had been assigned to the role of 
“food taster.”  Participants were then given the demographic questionnaire followed by 
the food preference questionnaire.  
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 Next, participants were told that they were going to begin the video game and 
eye-gaze study. Participants were randomly assigned to play either the violent or non-
violent video game for 12 minutes while wearing a piece of eye-tracker headgear which 
they believed was measuring their eye-gaze, although we did not actually record their 
eye-gaze. Upon completion, participants were then given the questionnaire assessing the 
video game characteristics and were then told it was time to complete the food preference 
study. Specifically, the experimenter explained that it was time for the participant to 
prepare some food for the food taster. Participants were given an already completed food 
preference questionnaire and were told that the food taster completed this questionnaire. 
The food preference questionnaire clearly indicated that the food taster did not like hot or 
spicy food. 
 The experimenter then provided the participant with the materials for the food 
preference study (i.e., the hot sauce, a cup, a cup of water, bread, and popsicle sticks) and 
explained that the participant could choose the intensity of hot sauce (ranging from 1 = 
least hot to 4 = most hot) and the amount, and that the food taster would have to drink 
whatever amount was in the cup. As in Barlett et al. (2009), participants were told that 
they could not mix sauces. Also, if they wished to know how hot the sauces were before 
choosing one, they could sample the sauces using the popsicle stick. The experimenter 
left the room and watched from behind a two-way mirror as the task was performed, and 
then returned to retrieve the cup of hot sauce to allegedly bring to the food taster. The 
time lapse between the video game play and hot sauce preparation was 2 to 3 minutes, 
well within the 5- to 10-minute time frame in which the effect of violent video games on 
aggression has been shown to last (Barlett et al.). Finally, participants completed the 
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suspiciousness questionnaire to assess whether participants knew the true purpose of the 
study before being debriefed or whether they were aware of any deception (Barlett et al.). 
Furthermore, 26
2
 participants (13 who played Conan and 13 who played Fuel) completed 
the Buss and Perry (1992) Trait Aggression Questionnaire to examine the convergent 
validity of the Hot Sauce Paradigm. The time lapse between the video game play and the 
completion of the trait aggression questionnaire was over 10 minutes (M = 11 minutes).  
Results and Discussion 
Suspiciousness. We originally had 48 participants, but six participants indicated 
that they knew the true purpose of the study or were aware of the deception and thus, 
their data were not included in the analysis (final N = 42).  
Experience. In order to include past video game experience for both genres of 
games as covariates in the main analyses, we first determined that participants’ 
experience with action and racing games did not differ between the two game conditions, 
F(1,38) = .93, p > .05, partial η2 = .02.  
Video game ratings. A MANOVA was conducted to confirm that Conan and 
Fuel were equated on the three video game characteristics of competitiveness, difficulty, 
and pace of action, but differed on violence, and experience with racing and action games 
were included as covariates. There was a main effect for game, F(4,33) = 28.98, p < .01, 
partial η2 = .78. The video games differed only in ratings of violence, as Conan was rated 
as more violent than Fuel (see Table 1 for mean ratings). Thus, consistent with Pilot 
                                                 
2
 Due to the post hoc nature of our examination of the external validity of the Hot Sauce 
Paradigm, we were unable to administer the Buss and Perry (1992) Trait Aggression 
Questionnaire to the full sample of participants. 
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Study 1a, participants rated Conan as more violent than Fuel, but not significantly 
different in terms of competitiveness, difficulty, and pace of action.  
Aggressive behavior. A univariate ANOVA was conducted with the summation 
of the standardized amount of hot sauce given and the standardized degree of hotness as 
the dependent variable, video game condition (i.e., violent versus non-violent) and sex as 
the independent variables, and game experience for both genres of games as the 
covariates. Participants who played Conan did not differ in hot sauce scores (M = .09) 
compared to participants who played Fuel (M = -.09), F(1,36) = .00, p > .05, partial η2 = 
.00. As predicted, males (M = .40) had higher hot sauce scores than females (M = -.59), 
F(1,36) = 6.34, p < .05, partial η2 = .15, and the interaction between game and sex was 
not significant, F(1,36) = .23, p > .05, partial η2 = .01. The results suggest that the violent 
content alone was not sufficient to produce elevations in aggressive behavior compared to 
a non-violent video game.   
Convergent validity of the Hot Sauce Paradigm. We decided to test the 
convergent validity of the hot sauce paradigm after the study had begun, so only the final 
twenty-six participants completed the trait aggression questionnaire. As predicted, hot 
sauce scores were positively correlated with trait aggression (r = .32), although this 
correlation was not statisticially significant due to the small sample size. However, the 
size of the moderate correlation is consistent with previous results (e.g., Lieberman et al, 
1999; Ferguson & Rueda, 2009).  
 Experiment 1a, therefore, demonstrated that video game violence alone is not 
sufficient to produce elevations in aggressive behavior in a lab setting. Using an 
unambiguous measure of aggressive behavior, participants did not have higher hot sauce 
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scores after playing a violent game compared to a non-violent game that was equated on 
competitiveness, difficulty and pace of action. This finding suggests that the level of 
violence in video games may be less influential in elevating aggression than previously 
believed.  In addition, the present study provided support for the validity of the Hot Sauce 
Paradigm as a measure of aggressive behavior, due to its positive relation with a measure 
of trait aggression.  
An alternative explanation for this finding may be that neither video game 
elevated aggressive behavior from baseline because the games may not have been 
sufficiently violent, competitive, difficult, or contained fast enough action to influence 
aggression. To assess this hypothesis, we compared hot sauce scores for participants who 
played Conan and Fuel with hot sauce scores from participants in Barlett et al.’s (2009) 
violent and non-violent video game conditions. In terms of intensity, scores for both 
Conan (2.52) and Fuel (2.33) were larger compared to scores found in both violent (2.12) 
and non-violent (1.76) games reported by Barlett et al.  In terms of weight, scores for 
Conan (1.01) and Fuel (1.01) were larger compared to the scores for Barlett et al.’s non-
violent video game (.60) and slightly smaller than the scores for the violent video game 
(1.27). Thus, hot sauce scores for Conan and Fuel were very similar to Barlett et al.’s 
violent video game, and larger than their non-violent video game. The fact that Barlett et 
al.’s violent video game produced more aggressive behavior than their non-violent video 
game suggests that in our study, Conan and Fuel likely elevated aggressive behavior 
from baseline.   
Another possible criticism of the current study is that the sample size may have 
been too small to find a significant effect for video game condition on aggressive 
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behavior.  However, a power analysis using G*Power 3.1.2 revealed that with the current 
sample size of N = 42, we had power of .755 to detect the significance of an effect size 
equivalent to Barlett et al. (2009; partial η2 = .15).  In addition, the effect size for game in 
the current study was zero (partial η2 = .000), and thus increasing the sample size would 
not have made the effect statistically significant. Given our finding that video game 
violence alone is not sufficient to produce elevations in aggressive behavior in a lab 
setting, the next step is to examine which video game characteristics have the largest 
impact on aggressive behavior and how these characteristics interact. Although a few 
researchers have attempted to control for the level of competitiveness when testing the 
effect of video game violence on aggressive behavior, no one has examined the effect of 
video game competition on aggressive behavior. Thus, Pilot Study 1b and Experiment 1b 
were conducted to test the effect of the level of competitiveness in video games on 
aggressive behavior. 
Pilot Study 1b 
 The purpose of Pilot Study 1b was to isolate competitiveness by matching four 
games on difficulty and pace of action, and to systematically control for violence, so that 
we could use these games in Experiment 1b to examine the effect of competitiveness on 
aggressive behavior. After extensive testing by the first author, four games were selected 
that appeared to be matched on difficulty and pace of action. Two of the games appeared 
to be equally violent, and the other two games appeared to be equally non-violent. Of the 
two violent games, one was more competitive than the other, and of the two non-violent 
games, one was more competitive than the other. The two violent games that were chosen 
were Mortal Kombat vs. DC Universe (Midway Games, 2008) and Left 4 Dead 2 (Valve, 
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2009). Mortal Kombat vs. DC Universe is a fighting game in which the main character 
must battle another opponent character in hand-to-hand combat. The goal of the game is 
to defeat the opponent character in a 3-round fight so a new opponent can be faced. Due 
to the competitive nature of the game (i.e., three rounds of one-on-one combat), the 
competitive element of this game is quite salient. Thus, Mortal Kombat vs. DC Universe 
was hypothesized to be the more competitive violent game. Left 4 Dead 2 is a first-person 
shooter in which the main character must battle zombies using guns and other weapons. 
Although the main character must compete in a battle for survival with every other 
character in the game, Left 4 Dead 2 was hypothesized to be less competitive than Mortal 
Kombat vs. DC Universe. Unlike most other first-person shooters, the opponent 
characters in Left 4 Dead 2 are zombies, and hence they do not possess weapons. 
Consequently, instead of engaging in a competitive shoot-out against other armed 
characters as in most first-person shooters, many scenarios in Left 4 Dead 2 involve 
standing at a distance and shooting a barrage of charging zombies. 
The two non-violent games were Fuel (Codemasters, 2009) and Marble Blast 
Ultra (GarageGames, 2006). As previously described, Fuel is a racing game in which the 
main character must compete against other characters while in a series of races while 
driving a variety of vehicles such as motorcycles and ATVs. Due to the competitive 
nature of the game, Fuel was hypothesized to be the competitive non-violent game. In 
contrast, Marble Blast Ultra involves controlling a marble through a series of labyrinth-
like mazes as quickly as possible. As there are no other characters in the game with 
which to compete with, Marble Blast Ultra was hypothesized to be less competitive than 
Fuel. In terms of comparing the violent and non-violent games, Fuel was hypothesized to 
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be equally competitive to Mortal Kombat vs. DC Universe, and more competitive than 
Left 4 Dead 2. Marble Blast Ultra was hypothesized to be less competitive than Mortal 
Kombat vs. DC Universe and Left 4 Dead 2 (since Left 4 Dead 2 does contain some 
competition against opponent characters). The games were played on an XBOX 360 
gaming system and 42-inch television screen.   
Nineteen undergraduate students from the same university as in Experiment 1a 
(12 males, 7 females; M age = 22 years, 2 months) played the four games for 10 minutes 
each in a counterbalanced order, and rated each game in terms of the four characteristics 
after playing it. This study was approved by the University Ethics board and all 
participants provided active consent before participation. Instead of using a 4-item 
composite to assess competitiveness, only two items were used, “to what extent did this 
video game involve competition” and “to what extent did you feel like you were 
competing with your opponents (i.e., in a battle or in a race)”.  The remaining two items, 
“how competitive was this video game,” and “how hard were you trying to win the 
game/match/contest” were not used because they did not discriminate between 
competitive and non-competitive games. For example, after playing a non-competitive 
game, a participant might report that he or she tried very hard to win the game, even 
though there was no competition. Correlations for the two competitiveness items were 
acceptable for Mortal Kombat vs. DC Universe (r = .73), Left 4 Dead 2 (r =.77), Marble 
Blast Ultra (r = .57), and Fuel (r = .64).  As in Experiment 1a, a demographic 
questionnaire was used to assess age, gender and past video game experience. 
 A repeated measures ANOVA revealed that participants’ experience across the 
different genres did not significantly differ, F(3,51) = 1.32, p > .05 partial η2 = .07.  A 
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repeated measures ANOVA was conducted to compare the four video games on the four 
video game characteristics of violence, competitiveness, difficulty and pace of action. 
Sex was included as a between-subjects variable and experience with all game genres 
were entered as covariates. Only the type of game (i.e., Fuel, Left 4 Dead, Marble Blast 
Ultra, Mortal Kombat vs. DC Universe) x game characteristics (i.e., violence, 
competitiveness, difficulty, and pace of action) interaction was significant, F(9,117) = 
5.01, p < .01,  partial η2 = .28 (see Table 2 for mean ratings of the video game 
characteristics for the four video games). Thus, participants’ ratings of video game 
characteristics differed between the four video games. Followup comparisons indicated 
that the four games did not significantly differ in their ratings of difficulty, F(3,42) = .17, 
p > .05, partial η2 = .01, or in pace of action, F(3,42) = .48, p > .05, partial η2 =.03. Thus, 
all four games were matched on difficulty and pace of action.  
Followup comparisons were then conducted to examine differences in violence 
ratings between the four games. The two non-violent games, Marble Blast Ultra and 
Fuel, were not rated differently in terms of violence, F(1,16) = 2.24, p > .05, partial η2 = 
.12. Similarly, the two violent games, Mortal Kombat vs. DC Universe and Left 4 Dead 2, 
did not differ in terms of violence ratings F(1,16) = 2.00, p > .05, partial η2 = .11. 
Importantly, however, Mortal Kombat vs. DC Universe was significantly more violent 
than both Fuel, F(1,16) = 50.96, p < .01, partial η2 = .76, and Marble Blast Ultra, F(1,16) 
= 52.19, p < .01, partial η2 = .77. Similarly, Left 4 Dead 2 was significantly more violent 
than both Fuel, F(1,16) = 71.73, p < .01, partial η2 = .82, and Marble Blast Ultra, F(1,16) 
= 84.32, p < .01, partial η2 = .84. Therefore, as predicted, the two violent games (Mortal 
Kombat vs. DC Universe and Left 4 Dead 2) were equally violent, and both were more 
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violent than the two non-violent games (Fuel and Marble Blast Ultra). In addition, the 
two non-violent games were both equally non-violent.   
Followup analyses were then conducted to examine differences in 
competitiveness ratings between the four games. Fuel and Mortal Kombat vs. DC 
Universe were the two most competitive games, and they did not differ in 
competitiveness ratings F(1,16) = 1.45, p > .05, partial η2 = .08. Fuel was more 
competitive than Marble Blast Ultra, F(1,16) = 80.01, p < .01, partial η2 = .83, and Left 4 
Dead 2, F(1,16) = 5.39, p < .05, partial η2 = .25. Similarly, Mortal Kombat vs. DC 
Universe was more competitive than Left 4 Dead 2, F(1,16) = 7.12, p < .05, partial η2 = 
.31, and Marble Blast Ultra, F(1,16) = 94.85, p < .01, partial η2 = .86. Finally, Left 4 
Dead 2 was more competitive than Marble Blast Ultra F(1,16) = 6.06, p < .05, partial η2 
= .28. Thus, we confirmed that of the four games, two were significantly more 
competitive than the other two. 
Experiment 1b 
 The purpose of Experiment 1b was to examine the effect of video game 
competitiveness on aggressive behavior (using the Hot Sauce Paradigm), as well as test 
whether competitiveness interacts with violence to influence aggression, using the four 
video games from Pilot Study 1b.  Although previous research has attempted to equate 
video games on competitiveness (e.g., Anderson & Carnagey, 2009; Carnagey & 
Anderson, 2005), this was the first experiment to directly test the effect of video game 
competition on aggressive behavior. Moreover, as previously described, video game
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Table 2 
Pilot Study 1b and Experiment 1b Mean (SD) Ratings of Video Game Characteristics for the Four Video Games 
 Pilot Study 1b    Experiment 1b  
 Video game  Video game 
Game rating C, NV C, V LC, V NC, NV  C, NV C, V LC, NV NC, NV 
Violence 1.52b 
(0.70) 
5.37a 
(0.90) 
6.42a 
(0.84)  
1.00b 
(0.00)  
 1.33b 
(0.82)  
5.20a 
(0.86)  
5.87a 
(1.13)  
1.07b 
(0.26)  
Competition 5.86a 
(0.76) 
6.32a 
(0.58) 
3.18b 
(1.67)  
1.36c 
(0.44) 
 5.40a 
(1.02)  
6.13a 
(0.93)  
3.10b 
(1.67) 
1.40c 
(0.69) 
Difficulty 3.63a 
(1.38) 
4.47a 
(1.58) 
4.42a 
(1.74)  
4.68a 
(1.16)  
 3.27a 
(1.10)  
3.67a 
(0.82)  
3.53a 
(0.92) 
3.60a 
(1.18)  
Pace of action  4.74a 
(1.05) 
5.42a 
(0.90) 
5.11a 
(1.29)  
4.57a 
(1.26)  
 4.73a 
(1.33)  
5.20a 
(0.77)  
4.87a 
(0.92)  
4.47a 
(0.99)  
Notes. N=19 for Pilot study 1b and N=60 for Experiment 1b; Cells within a row with common subscripts for the pilot study 
and experiment do not different at p=.05. C=competitive, NC=non-competitive, LC=less competitive, V=violent, NV=non-
violent; C,NV=Fuel, C,V=Mortal Kombat vs. DC Universe, LC,V=Left 4 Dead 2, NC,NV=Marble Blast Ultra. 
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competitiveness may influence aggressive behavior through the mechanism of 
physiological arousal. In order to further examine the relation between competitiveness 
and aggressive behavior, we recorded participants’ heart rate at baseline and during video 
game play to test whether video game competitiveness would produce elevations in heart 
rate from baseline.   
Four hypotheses were tested: 1). Consistent with research showing a relation 
between video game competition and aggression (e.g., Anderson and Morrow, 1995; 
Williams and Clippinger, 2002; Schmierbach, 2010), we expected that there would be a 
significant main effect for type of game. Specifically, we hypothesized that the highly 
competitive, violent video game, Mortal Kombat vs. DC Universe, and the highly 
competitive non-violent video game Fuel would produce more aggressive behavior than 
the less competitive, violent video game Left 4 Dead 2, and the less competitive, non-
violent game, Marble Blast Ultra. As the less competitive, violent video game Left 4 
Dead 2 was rated as moderately competitive in Pilot Study 1b (i.e., mean score = 3.18/7), 
it was unclear whether it would produce greater levels of aggressive behavior than the 
less competitive, non-violent game Marble Blast Ultra. 2). It was predicted that there 
would be a significant main effect for sex, such that males would give more of a hotter 
sauce than females, consistent with the results of Experiment 1a. However, we did not 
expect to find an interaction between game and sex, again consistent with the results of 
Experiment 1a. 3) Consistent with our predictions regarding aggressive behavior, we 
expected a significant main effect for type of game on heart rate scores. Specifically, we 
hypothesized that Fuel and Mortal Kombat vs. DC Universe would produce the greatest 
elevations in heart rate from baseline. Also consistent with predictions regarding 
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aggressive behavior, it was unclear whether the moderately competitive, violent game 
Left 4 Dead 2 would produce greater increases in heart rate from baseline compared to 
the less competitive, non-violent game Marble Blast Ultra.   
Method 
 Participants. Participants consisted of 60 Introductory Psychology students from 
the same university as in Pilot Study 1b (32 males, 28 females; M age = 18 years, 4 
months). Participants were randomly assigned to play one of the four video games, and 
thus, each video game was played by 15 participants (8 males and 7 females). This study 
was approved by the University Ethics board and all participants provided active consent 
before participation.  Students were recruited using the psychology participant pool and 
earned course credit in exchange for their participation.  
 Materials.  
Demographics. See Experiment 1a for a description.  
 Video games and equipment. Fuel, Left 4 Dead 2, Marble Blast Ultra, and 
Mortal Kombat vs. DC Universe were played using an XBOX 360 console on a 42-inch 
television screen.   
 Aggressive behavior. See Experiment 1a for a description of the paradigm.  
Ratings of the video game characteristics. See Pilot Study 1b for a description. 
Correlations for the two competitiveness items were acceptable for Fuel (r = .72), Left 4 
Dead 2 (r = .59), Marble Blast Ultra (r = .54), and Mortal Kombat vs. DC Universe (r = 
.67).  
 Food preference. See Experiment 1a for a description. Consistent with 
Experiment 1a, liking hot food did not account for a significant portion of the variability 
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in the degree of hotness R
2
 = .00, F(1,58) = 0.01, p > .05, or the amount of sauce R
2
 = 
.00, F(1,58) = 0.01, p > .05. 
 Suspiciousness. See Experiment 1a for a description. 
 Trait aggression. See Experiment 1a for a description (in the current sample α = 
.84). 
 Heart rate.   Electrocardiogram (ECG) recordings were collected during a 5-
minute rest period at the beginning of the session (baseline), and throughout the video 
game session. ECG signals were recorded from two electrodes placed on the participants’ 
collarbone with a hardware gain of 1000. R-R (interbeat) intervals were visually checked 
in the MindWare program and edited where necessary according to principles advocated 
by Berntson and Stowell (1998). 
 Procedure. The procedure was identical to Experiment 1a, other than participants 
were told that in addition to assessing their eye-gaze, their heart rate would be monitored 
for five minutes at baseline as well as continuously during video game play.  
Results and Discussion 
Suspiciousness. We originally had 65 participants, but 5 participants indicated 
that they knew the true purpose of the study or were aware of the deception and thus, 
their data were not included in the analysis (final N = 60).  
Experience. A repeated measures MANOVA was conducted to examine whether 
participants in the four video game conditions differed in their experience with the four 
genres of games. Experience with the four genres did not differ between video game 
conditions, F(9,156) = .46, p > .05, partial η2 = .03.  
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Video game ratings. A MANOVA was conducted to confirm that Fuel, Left 4 
Dead 2, Marble Blast Ultra, and Mortal Kombat vs. DC Universe were equated on 
difficulty and pace of action, but differed on competitiveness and violence, and 
experience with the four video game genres were included as covariates. There was a 
main effect for game, F(12,141) = 39.10, p < .01, partial η2 = .76. The video games 
differed only on ratings of competitiveness, F(3,48) = 54.02, p < .01, partial η2 = .77, and 
violence, F(3,48) = 216.78, p < .01, partial η2 = .93. Followup analyses revealed that 
consistent with Pilot Study 1b, Mortal Kombat vs. DC Universe was rated as more 
competitive than Left 4 Dead 2 and Marble Blast Ultra, but not significantly different 
than Fuel (see Table 2 for mean ratings of video game characteristics). Similarly, Fuel 
was rated as more competitive than Marble Blast Ultra and Left 4 Dead 2. Finally, Left 4 
Dead 2 was rated as more competitive than Marble Blast Ultra. Thus, ratings of the video 
game characteristics in this experiment were consistent with Pilot Study 1b. 
Consequently, we were able to isolate the effect of video game competitiveness on 
aggressive behavior. In addition, we were able to examine whether competitiveness and 
violence interact to influence aggression.  
Aggressive behavior. A univariate ANOVA was conducted with the summation 
of the standardized amount of hot sauce given and the standardized degree of hotness as 
the dependent variable, video game condition (four games) and sex as the independent 
variables, and experience with the four genres of games as the covariates. There was a 
main effect for game F(3,48) = 7.04, p < .01, partial η2 = .31. Followup analyses 
revealed that participants who played Fuel (M = .79) and Mortal Kombat vs. DC 
Universe (M = .90) had significantly higher hot sauce scores (see Figure 1) than 
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participants who played Marble Blast Ultra (M = -.91) and Left 4 Dead 2 (M = -.78). Hot 
sauce scores did not differ between Fuel and Mortal Kombat vs. DC Universe, or 
between Marble Blast Ultra and Left 4 Dead 2. Although males (M = .31) had higher hot 
sauce scores than females (M = -.35), this difference did not reach significance F(3,48) = 
1.49, p > .05, partial η2 = .03, and the interaction between game and sex also was not 
significant, F(3,48) = .41, p > .05, partial η2 = .03.  
Trait aggression. In order to confirm that random assignment was successful in 
placing equally aggressive participants in the four video game conditions, an ANOVA 
was conducted with trait aggression as the dependent variable, and game and sex as the 
independent variables. There were no differences in trait aggression scores among the 
four conditions, F(3,52) = .06, p > .05, partial η2 = .00. Thus, the four video game 
conditions contained equally aggressive participants.  
Heart rate. A repeated measures MANOVA was conducted to examine 
differences in heart rate between baseline and video game play among the four video 
game conditions. Game and sex were entered as the between-subjects variables, while 
heart rate (baseline and during video game) was entered as the within-subjects variable. A 
significant heart rate x video game interaction was found, F(3,48) = 12.76, p < .01, 
partial η2 = .44. Followup analyses were then conducted for each video game condition 
to see which video games produced elevations in heart rate from baseline (see Table 3). 
Fuel and Mortal Kombat vs. DC Universe both led to significant elevations in heart rate 
from baseline, while Marble Blast Ultra and Left 4 Dead 2 did not.  
 In summary, Experiment 1b confirmed the hypothesis that the two most 
competitive games, Fuel and Mortal Kombat vs. DC Universe, would produce greater 
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Figure 1. The effect of video game condition on aggressive behavior in Experiment 1b.  
C = competitive, NC = non-competitive, LC = Less competitive, V = violent, NV = non-
violent.  C, V = Mortal Kombat vs. DC Universe, C, NV = Fuel, LC, V = Left 4 Dead 2, 
NC, NV = Marble Blast Ultra 
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Table 3 
Experiment 1b Baseline and Heart Rate Scores for the Four Video Games 
  Heart rate     
Video game  Baseline Game F
a
 Partial η2 
Competitive, non-violent 76.92 (10.18) 78.95 (11.25) 6.07* 0.32 
Competitive, violent 74.89 (16.15) 86.36 (17.52) 1.00** 0.71 
Less competitive, violent 78.85 (11.88) 77.32 (8.53) 0.78 0.06 
Non-competitive, non-violent 75.81 (11.88) 76.62 (12.25) 0.72 0.05 
Notes. 
a
df = 1, 13; *p < .05, **p < .01; Standard deviations are in parentheses.   
N = 60; Means are unadjusted; Competitive, Non-violent = Fuel, Competitive, Violent = 
Mortal Kombat vs. DC Universe, Less competitive, Violent = Left 4 Dead 2, Non-
competitive, Non-violent = Marble Blast Ultra. 
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aggressive behavior scores than the less competitive games, Marble Blast Ultra and Left 
4 Dead 2. Also as expected, Fuel and Mortal Kombat vs. DC Universe did not produce 
differences in aggressive behavior. In addition, we found that a moderately competitive, 
highly violent game (Left 4 Dead 2) was not sufficient to elevate aggressive behavior 
compared to a less competitive, non-violent game (Marble Blast Ultra). These findings 
suggest that the level of competitiveness in video games is an important factor in the 
relation between video games and aggressive behavior, with highly competitive games 
leading to greater elevations in aggression than less competitive games. As expected, 
males gave more of a hotter sauce than females, although this difference did not reach 
significance. Also as expected, there was no interaction between game and sex when  
predicting aggressive behavior. Finally, we found that only the two highly competitive 
games, Fuel and Mortal Kombat vs. DC Universe, elevated heart rate from baseline. 
General Discussion 
 The present study was the first to isolate the violent content in a video game by 
matching a violent and non-violent game on competitiveness, difficulty, and pace of 
action (Pilot Study 1a). We then demonstrated that the violent content alone was not  
sufficient to elevate aggressive behavior in the short-term (Experiment 1a). This finding 
suggests that the level of violence in video games may be less influential in elevating 
aggression than previously believed.  
After demonstrating that video game violence alone was not sufficient to elevate 
aggressive behavior, we examined the effect of video game competitiveness. The present 
study was the first to isolate video game competitiveness by matching two violent games, 
and two non-violent games on violence, difficulty, and pace of action (Pilot Study 1b). 
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We found that video game competitiveness elevated aggressive behavior in the short-
term, regardless of the level of violent content, as the two most competitive video games, 
Mortal Kombat vs. DC Universe (violent) and Fuel (non-violent), produced the greatest 
levels of aggressive behavior. We also found that a moderately competitive game 
(Left 4 Dead 2), even when paired with a high level of violence, was not sufficient to 
elevate aggressive behavior compared to a less competitive, non-violent game (Marble 
Blast Ultra).  In addition, we found that the two highly competitive video games (Mortal 
Kombat vs. DC Universe and Fuel produced elevations in heart rate from baseline, 
whereas the two less competitive games (Left 4 Dead 2 and Marble Blast Ultra) did not 
produced changes in heart rate.  
Limitations 
There were several limitations with this study.  First, the present study only used 
samples of university students.  Findings, however, may be different for other age groups. 
For example, the relation between video game competitiveness and aggression may be 
different for adolescents (e.g., 12 to 19 years) versus adults (e.g., 25 years and older), due 
to the hypothesis that some adolescents may experience a temporal gap between an early 
maturing socio-emotional system (hypothesized to be a result of increases in 
dopaminergic activity, perhaps linked to puberty, leading to increases in reward seeking, 
need for novelty and stimulation), and a slower maturing self-regulatory system 
(hypothesized to be led by the prefrontal cortex, responsible for planning, judgment, and 
inhibition, which may not be fully mature until the mid 20s; Steinberg, 2010). Thus, 
adolescents on average may be more likely to behave aggressively than adults after 
playing a competitive video game due to their potentially greater difficulty (on average) 
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in regulating their arousal than adults. Future research should compare the effect of video 
game competitiveness on aggression between these different age groups. Second, 
although this study addressed the short-term effect of video game competition on 
aggressive behavior, we did not examine long-term effects.  Thus, longitudinal research 
examining the relation between video game competition and aggression is needed. 
Finally, findings may not generalize to other geographic regions, including those with 
differing ethnic and/or demographic mixes.  
Research Implications 
 We have expanded on previous research that has found a relation between violent 
video games and aggression (see Anderson et al., 2010) by demonstrating that when 
isolating specific video game characteristics, competitiveness had a much larger impact 
on aggressive behavior than the violent content. At first glance, this finding may seem to 
contradict past research which has found that violent video games produced more 
aggression than non-violent video games. However, since past studies have failed to 
equate the violent and non-violent video games on competitiveness, difficulty, and pace 
of action simultaneously, researchers may have attributed too much of the variability in 
aggression to the violent content.  For example, since violent video games are more 
competitive in general than non-violent games, it was likely the competition, rather than 
the violence, that was responsible for the elevations in aggression in past studies.  
Furthermore, in the only study that successfully matched a violent and non-violent video 
game on competitiveness (Anderson & Carnagey, 2009), the violent game was rated 
higher in terms of difficulty and pace of action.  Thus, it was unclear whether the 
violence, difficulty, pace of action, or a combination of the three influenced aggressive 
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behavior.  Future research should test the effect of both video game difficulty and pace of 
action on aggressive behavior, as well as how the four video game characteristics 
interact. For example, a competitive game that is more difficult, in that people lose more 
often and must exert considerable effort in order to succeed may be more likely to 
influence aggressive behavior.  Thus, an interaction between competitiveness and 
difficulty may be related to elevated aggression. 
In addition, research examining the effects of video game competitiveness on 
aggression may also apply to other competitive situations, such as sports. Unlike video 
games, many sports contain physical contact (e.g., football, hockey) and offer 
opportunities to behave aggressively, and even to become violent (e.g., fighting or 
unnecessary roughness). Thus, there is clearly a need for a better understanding of the 
relation between competition and aggression, and video games may be an excellent 
vehicle to investigate this relation.  
Conclusion 
Some researchers believe that they have already shown that violent video games 
are a risk factor for aggressive behavior (Anderson et al., 2010) and that this effect stems 
from the violent content in the games (Anderson et al., 2004). On the contrary, results 
from the present study indicate that video game competitiveness, not violent content, is 
responsible for elevating aggressive behavior in the short-term. The present findings lead 
to a new direction in video game and aggression research and should encourage 
researchers to continue to critically examine this issue.   
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Chapter 3 (Study 2): Demolishing the Competition: The Longitudinal Link between 
Competitive Video Games, Competitive Gambling, and Aggression
3
 
The link between video game play and aggression, which is defined as behavior 
that is intended to harm another individual (Dodge, Coie, & Lynam, 2006), continues to 
be an important issue as games have become the fastest growing form of entertainment in 
the world, with a global market value of $67 billion in 2010 and a predicted value of 
$112 billion by 2015 (Biscotti et al., 2011). Furthermore, video game play has become 
ubiquitous among adolescents, as 97% of adolescents aged 12 to 17 years in the United 
States play video games (Lenhart et al., 2008). The vast majority of research on the 
relationship between video game play and aggression has been focused on the effect of 
violent game content on elevating aggression in the short- and long-term (see Anderson 
et al., 2010 for a review; also see Ferguson & Kilburn, 2010 for criticisms of this work). 
In contrast, it has been shown recently that competition, not violence, is the main video 
game characteristic that influences aggressive behavior in the short-term (Adachi & 
Willoughby, 2011a; also see Schmierbach, 2010 for effects of video game competition on 
aggressive thoughts). It is unclear, however, whether competition also is the driving force 
behind the longitudinal link between video game play and aggression, as no researchers 
have examined this relationship in the long-term. To date, researchers who have 
examined the longitudinal association between video game play and aggression have 
                                                 
3
 A version of this chapter has been published. Adachi, P. J. C., & Willoughby, T. (2013). 
Demolishing the competition: The longitudinal link between competitive video games, 
competitive gambling, and aggression. Journal of Youth and Adolescence, 42, 1090-
1104. doi:10.1007/s10964-013-9952-2  
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typically included video games that are both competitive and violent, so researchers have 
been unable to ascertain whether it is the violence or competition that is responsible for 
the predictive effect on aggression (Willoughby, Adachi, & Good, 2011). Furthermore, 
the direction of long-term effects between competitive video game play and aggression 
has not been investigated. Specifically, it is not clear whether competitive video games 
predict higher aggression (i.e., the socialization hypothesis) or whether individuals who 
are more aggressive are more likely to play competitive video games (i.e., the selection 
hypothesis; see Möller & Krahé, 2009, for a more detailed discussion of socialization 
versus selection effects regarding the link between video games and aggression).  
 In addition, if video game competition is a significant predictor of aggression, 
then other activities that involve competition also may predict aggression over time. For 
example, gambling activities that involve competition, such as playing cards for money 
or betting on sports games, also may predict aggression; however, no researchers have 
investigated the association between competitive gambling and aggression. This is an 
important question because if both competitive video game play and competitive 
gambling (but not non-competitive video game play or non-competitive gambling) 
predict higher levels of aggression in the long-term, then it may be that competitive 
activities in general predict aggression over time. Thus, there may not be anything unique 
about the link between violent video games and aggression (i.e., because violent video 
games tend to be more competitive than non-violent video games). To address these 
questions, the goals of the current study were to examine the longitudinal, bidirectional 
relationship between competitive (and non-competitive) video game play and aggression, 
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as well as between competitive (and non-competitive) gambling and aggression, using a 
4-wave dataset of adolescents. 
Theories of Competition and Aggression 
 There are several theories that explain why competition may be associated with 
increased aggressive behavior. According to excitation transfer theory (Zillmann, 1983), 
the transfer of physiological arousal may be a mechanism through which competition 
may lead to aggression. Specifically, physiological arousal from a stimulus (e.g., 
competitive video games) can linger after that stimulus is gone and can transfer to a 
future encounter (even without awareness), increasing the chance of aggressive behavior. 
Consistent with excitation transfer theory, in addition to elevating aggressive behavior in 
the short-term, competitive but not non-competitive video games have led to elevations in 
physiological arousal (i.e., heart rate) from baseline (Adachi & Willoughby, 2011a). 
Competition also may influence aggression through the mechanisms of frustration and 
hostility, consistent with the frustration-aggression hypothesis (Berkowitz, 1989; Dollard, 
Miller, Doob, Mowrer & Sears, 1939). For instance, when competing against another 
player (either a real person or a computer generated character in a video game), each 
player’s goal of winning directly impedes the other player’s chance of winning, as only 
one player can be victorious. Having someone constantly obstructing one’s goal of 
winning may lead to frustration and hostility, which in turn may lead to elevations in 
aggression. In addition, competition can create or activate networks of aggressive 
thoughts, emotions, and memories through aggressive cues, such as feelings of 
frustration. Thus, consistent with Berkowitz’s (1990) cognitive neoassociation model, 
competition may influence aggression through spreading activation of aggressive 
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networks. In terms of longitudinal effects, repeated exposure to competition, even in non-
violent activities such as video games or gambling (e.g., playing cards for money) may 
teach people that aggression is an appropriate way of dealing with competition-related 
increases in frustration and arousal. Furthermore, a variety of past experiences with 
competitive situations that result in aggressive outcomes may strengthen associative links 
between competition and aggression (Anderson & Carnagey, 2009; Anderson & Morrow, 
1995), which in turn may make long-term competitive video game players and 
competitive gamblers more likely to react aggressively to future competitive situations. 
 Developing associative links between competition and aggression also may 
explain why more aggressive people may be drawn to competitive situations to a greater 
extent than less aggressive people (selection hypothesis). According to Anderson and 
Morrow (1995), competitive situations often are thought of as aggressive. For example, 
the goal of inflicting physical or psychological harm to one’s opponent in sports games 
and debates might be normative among competitors, as they often are encouraged to 
“demolish, destroy, or blow away their opponents” (Anderson & Morrow, 1995, p. 1021). 
Furthermore, Anderson and Morrow argue that as competitive situations occur early in 
life, the conceptualization of competitive situations as aggressive may occur at an early 
age. Thus, because competitive situations often are thought of as aggressive, more 
aggressive people may self select into competitive situations to a greater extent than less 
aggressive people.   
The Link between Video Game Play and Aggression, and between Gambling and 
Aggression 
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 Video game competition and aggression. To date, the majority of research on 
the link between video games and aggression has been focused on the violent content in 
games (e.g., see Anderson et al., 2010); however, this work has faced criticism (e.g., 
Adachi & Willoughby, 2011b; Ferguson et al., 2008; Ferguson & Ivory, 2012; Ferguson 
& Kilburn, 2010) for issues such as not controlling for other video game characteristics 
that could be related to aggression, such as competition. For example, in several 
experiments in which a violent video game was shown to produce more aggression than a 
non-violent video game, the violent game also was more competitive than the non-violent 
game, and thus it was not clear whether the violence or competition was responsible for 
the elevations in aggression (e.g., Anderson & Dill 2001; Anderson et al., 2004). In 
addition, researchers have attempted to statistically control for differences in video game 
characteristics between violent and non-violent games using analysis of covariance (e.g., 
Anderson & Carnagey 2009). However, according to Miller and Chapman (2001), it is 
invalid to use analysis of covariance for preexisting groups (e.g. violent versus non-
violent video game conditions) that do not vary randomly and that differ on the variables 
which are to be included as the covariates. For example, when the covariate is affected by 
the treatment (or in this case, the condition), removing the covariate also may remove 
part of the treatment effect or produce a spurious treatment effect, and thus the grouping 
variable will be altered in a way that often cannot be specified in a conceptually 
meaningful way (Miller & Chapman, 2001). 
 In order to examine whether violent or competitive content in games has a greater 
influence on aggressive behavior in the short-term, Adachi and Willoughby (2011a) 
matched video games on other characteristics that may be related to aggression. First, the 
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violent content was isolated by matching a violent and non-violent game on 
competitiveness, difficulty, and pace of action - no differences were then found between 
the two games in terms of their effect on aggressive behavior. Thus, Adachi and 
Willoughby concluded that video game violence alone was not sufficient to elevate 
aggression. Next, competitive content was isolated by matching competitive and non-
competitive games in terms of difficulty and pace of action, and systemically controlling 
for violence. Adachi and Willoughby found that the competitive games produced more 
aggressive behavior than the non-competitive games irrespective of the amount of violent 
content. Therefore, they concluded that competition, not violence, is the video game 
characteristic that has the greatest influence on aggressive behavior in the short-term.  
 Researchers also have demonstrated that playing a video game in a competitive 
context (i.e., playing against another person) influences aggressive cognition. For 
instance, Schmierbach (2010) used a competitive (and violent) first-person shooter game, 
and randomly assigned pairs of participants to one of three conditions: (a) participants 
played the game on their own against computer opponents (solo mode), (b) participants 
played against each other in a one-on-one battle (competitive mode), and (c) participants 
played on the same team against computer opponents (cooperative mode). Immediately 
after video game play, participants completed a word completion task to assess 
aggressive cognition. The results showed that participants in the competitive condition 
had the highest aggressive cognition scores, followed by participants in the solo 
condition, while participants in the cooperative condition had the lowest aggressive 
cognition scores. Thus, consistent with research showing that competitive video game 
content elevates aggressive behavior, playing a video game with competitive content in a 
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competitive context (i.e., competing against another player) may further elevate 
aggressive cognition.  
 In contrast, no known researchers have examined the longitudinal relationship 
between competitive video game play and aggression. Instead, they have focused on the 
link between violent video games and aggression (e.g., Anderson, Gentile, & Buckley, 
2007; Möller & Krahé, 2009; Wallenius & Punamäki, 2008; Willoughby et al., 2011). 
For example, Willoughby et al. conducted a 4-year longitudinal study of adolescents in 
which they examined the bidirectional relationship between games that were both violent 
and competitive (i.e., fighting and action games) and aggression. They found evidence for 
the socialization hypothesis as violent and competitive video games predicted aggression 
over time. They also found some support for the selection hypothesis, as there was 
evidence that adolescents who were more aggressive tended to play violent and 
competitive video games more frequently. Conversely, they found that non-violent and 
non-competitive games (e.g., puzzle games) did not predict increased aggression over 
time. However, because fighting and action video games are both violent and 
competitive, it was unclear whether the competitive or violent content was responsible 
for this long-term association. Thus, in order to isolate the longitudinal relationship 
between video game competition and aggression in the current study, it is necessary to 
examine individuals’ video game play with competitive video games that are 
predominately non-violent, such as sports and racing games (again, in contrast to fighting 
and action games which are both competitive and violent). For instance, although a few 
sports games contain some aggressive (but not violent) content (e.g., sports games such 
as football), most do not (e.g., soccer, basketball, tennis, golf, baseball, skateboarding). 
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Similarly, while some racing games allow vehicles to come into contact with each other 
during a race, this behavior usually is not encouraged as it causes both vehicles to slow 
down or lose control, thereby hampering their goal of winning the race. Furthermore, 
sports and racing games do not contain the type of violent content that can be found in 
many fighting, action, and first-person shooter games, such as blood-soaked battles to the 
death with a variety of lethal weapons. 
Gambling and aggression. Although many forms of gambling are illegal for 
adolescents in North America, gambling is prevalent among adolescents, as a nationally 
representative survey in the United States found that 68% of youth aged 14-21 reported 
gambling at least once in the past year (Barnes, Welte, Hoffman, & Tidwell, 2009). To 
date, there are only a few studies in which researchers have investigated a link between 
gambling and aggression (e.g., Parke & Griffiths, 2004, 2005), or between gambling and 
domestic violence (e.g., Griffiths, Parke, & Parke, 2003; Mulenman, Otter, Wadman, 
Tran, & Anderson, 2002). For example, Parke and Griffiths (2004) conducted an 
observational study of aggressive behavior in slot machine players. Specifically, they 
observed incidents of verbal aggression by the slot machine players towards staff 
members, other gamblers, and even towards the slot machines, and they concluded that 
this observed aggression appeared to be related to feelings of gambling-induced 
frustration. However, no researchers have examined the longitudinal association between 
gambling and aggression. Furthermore, no researchers have separated gambling activities 
in terms of competitive content and then compared the effect of competitive versus non-
competitive gambling activities on aggression. Similar to competitive video games, 
gambling activities such as playing cards for money and betting on sports games involve 
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competition. For example, when playing poker, players must directly compete against 
each other during every hand, and in order to win, the other players must lose. In 
addition, people enter into a competition when betting on a sports game, in that in order 
to win their bet, the team that they bet on must defeat the opponent team (or beat the 
point spread, etc.). Because people who bet on sports games have a stake in the 
competition, they may experience similar elevations in arousal, frustration, hostility, and 
aggressive cognition as the athletes who are playing in the game. For instance, because a 
gambler’s goal of winning his bet is constantly obstructed by the opponent team whose 
goal is to win the game, the gambler may experience elevations in frustration and 
hostility, and in turn may be more likely to behave aggressively. Hence, similar to 
competitive video games, competitive gambling activities may predict higher levels of 
aggression over time. In contrast, non-competitive gambling activities such as entering 
draws are based solely on luck and do not involve competition. Thus, unlike competitive 
gambling activities, non-competitive gambling activities may not be related to aggression 
over time.    
The Present Study 
 Although experimental research has shown that competition in video games, not 
violence, has the greatest influence on aggression in the short-term (Adachi & 
Willoughby, 2011a), no researchers have examined the longitudinal relationship between 
competitive video game play and aggression. In addition, other competitive activities, 
such as competitive gambling, also may predict aggression over time. No studies, 
however, have been conducted in which competitive and non-competitive gambling 
activities are separated and their respective effects on aggression compared. Furthermore, 
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previous experimental work on the effect of competitive video games on aggression has 
focused solely on the unidirectional effect of competitive video games on aggression (i.e., 
the socialization hypothesis which represents the theory that competition causes people to 
be more aggressive), whereas selection effects have not been explored.  
 In the present study, we sought to address these questions by surveying 
adolescents about their video game play, gambling, and aggressive behaviors each year of 
high school (i.e., Grades 9 through 12). We then focused on three main goals. First, in 
order to examine whether competitive video game play predicts aggression over time, we 
used sports and racing games which are highly competitive but predominantly non-
violent. Thus, if sports and racing games predict aggression over time, we can conclude 
that competition (not violence) may have been responsible. Consistent with experimental 
findings that video game competition was the game characteristic with the greatest 
influence on aggression in the short-term (Adachi & Willoughby, 2011a), we 
hypothesized that competitive video game play would predict higher levels of aggression 
over the four high school years. In addition, in order to conclude that it was competitive 
video game play and not simply video game play in general that predicted aggression 
over time, we also examined whether playing video games that were non-competitive and 
non-violent (e.g., puzzle games) predicted aggression over time. In contrast to 
competitive video games, we hypothesized that non-competitive and non-violent video 
games would not predict higher levels of aggression over the four high school years.   
 Second, if competitive video game play predicts aggression over time, then other 
competitive activities also may predict aggression. Thus, we examined whether 
competitive forms of gambling, specifically playing card games for money and betting on 
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sports games would predict aggression over time. Playing card games for money, such as 
euchre and poker, and betting on sports games, both involve entering into a competition. 
Therefore, similar to competitive video game play, we hypothesized that competitive 
gambling would predict higher levels of aggression over time. To conclude that it was 
competitive gambling in particular, and not gambling in general that was related to 
aggression, we also examined the longitudinal link between non-competitive gambling, 
such as entering draws, and aggression. We hypothesized that non-competitive gambling 
would not predict higher levels of aggression over time. 
Third, in addition to assessing the socialization hypothesis, we simultaneously 
assessed the selection hypothesis between competitive and non-competitive video game 
play and aggression, as well as between competitive and non-competitive gambling and 
aggression. Considering that Willoughby et al. (2011) previously found some evidence in 
support of both hypotheses with competitive and violent games, we predicted that more 
aggressive people may be more likely to play competitive video games as well as engage 
in competitive gambling.  
To test our hypotheses, we performed a 4-wave autoregressive cross-lagged path 
analyses which allowed us to simultaneously assess the socialization and selection 
hypotheses between each variable (i.e., competitive and non-competitive video game 
play, and competitive and non-competitive gambling) and aggression, while controlling 
for stability effects as well as covariances among all the variables within each grade. 
Three demographic variables (gender, parental education, and number of computers in 
the home) were included as covariates. In addition, because the measure of competitive 
video game play included sports video games, and the measure of competitive gambling 
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included betting on sports games, we wanted to rule out the possibility that adolescents 
who played sports video games and bet on sports games also played real sports, and that 
it was playing real sports that predicted higher levels of aggression over time. Thus, we 
included a measure of real sports involvement as a covariate at each time point to control 
for this potential third variable. It is important to note that real sports involvement was 
not a main variable of interest in our analyses because other factors besides the 
competition in sports may be positively related to aggression, such as physical contact 
(e.g., football or hockey), or negatively related to aggression, such as the fact that sports 
often are an organized activity that is supervised by adults. 
Another possible concern may be that adolescents who play sports/racing video 
games also might play action/fighting (violent) video games, and thus it could be the 
participants’ action/fighting video game play, and not their sports/racing video game 
play, that is driving the association with aggression. To address this issue, we examined 
whether the predictive effect of sports/racing games on aggression was moderated by 
whether participants played action/fighting games or not. If our hypothesis is correct, we 
would expect that the pattern of results would not differ between participants who played 
sports/racing games but not action/fighting games, and participants who played 
sports/racing games and action/fighting games. Finally, given that boys are more likely to 
play competitive video games than girls, we conducted an exploratory analysis to assess 
whether gender was a significant moderator of the results. 
Method 
Participants 
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Students from eight high schools encompassing a school district in Ontario, 
Canada took part in the study in grades 9, 10, 11, and 12 (M age in grade 9 = 13 years,10 
months). This study was part of a larger cohort-sequential project. In the larger study, 
surveys were completed five times between 2003 and, 2008 (the time interval between 
each wave was one year) with some students starting the study in 2003 and others starting 
the study in 2004. The analyses for the present study are based on the cohort of students 
who entered the study in Grade 9 in 2004 and completed the survey in Grades 9, 10, 11, 
and 12. The overall participation rate ranged from 83% to 86% across the four waves; 
nonparticipation was due to student absenteeism (average of 13.5%), parental refusal 
(average of .06%), or student refusal (average of 1.4%). Student absenteeism from class 
was due to illness, a co-op placement, a free period, or involvement in another school 
activity. Consistent with the broader Canadian population (Statistics Canada, 2001), 
92.4% of the participants were born in Canada and the most common ethnic backgrounds 
reported other than Canadian were Italian (31%), French (18%), British (15%), and 
German (12%). Data on socioeconomic status indicated mean levels of education for 
mothers and fathers falling between “some college, university or apprenticeship 
program” and “completed a college/ apprenticeship/technical diploma.” Furthermore, 
70% of the respondents reported living with both birth parents, 12% with one birth parent 
and a stepparent, 15% with one birth parent (mother or father only), and the remainder 
with other guardians (e.g., other relatives, foster parents, etc.).  
Only students who completed the survey at a minimum of 2 time points over the 
four waves were included, resulting in 1492 participants (50.8% female), or 84% of the 
total sample of 1771 adolescents. There were no significant differences on any of the 
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study measures between participants who completed the survey only in grade 9 and the 
longitudinal participants, ps > .05. Missing data resulted from absenteeism and because 
some students did not finish the entire questionnaire (10.6% of the data, consistent with 
other longitudinal survey studies; e.g., Ciarrochi, Leeson & Heaven, 2009; Feldman, 
Masyn & Conger, 2009; Hyde & Peterson, 2009). We included three versions of the 
survey at each time period so that the same scales were not always near the end of the 
survey. As missing data were not dependent on the values of the study measures, it is 
reasonable to assume that this data is missing at random (Little & Rubin, 2002; Schafer & 
Graham, 2002). Missing data were estimated using the expectation maximization (EM) 
estimation method in AMOS 19 (Arbuckle, 1995-2012). 
Procedure 
Active informed assent was obtained from the adolescent participants. Parents 
were provided with written correspondence mailed to each student’s home prior to the 
survey administration outlining the study; this letter indicated that parents could request 
that their adolescent not participate in the study. An automated phone message about the 
study also was left at each student’s home phone number. This procedure was approved 
by the participating school board and the University Research Ethics Board. At all time 
periods, the questionnaire was administered to students in classrooms by trained research 
staff. Students were informed that their responses were completely confidential.  
Measures 
Means and standard deviations for the measures are provided in Table 4. All 
measures were assessed across all four grades of high school (i.e., Grades 9 through 12)  
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except for gender, parental education, and number of computers in the home which were 
assessed in grade 9 only.  
Demographic factors. Single-item questions were used to assess participant sex 
and the number of computers in the home. Parental education was an average of two 
items (one per parent, r = .58). Higher scores indicated female gender, more computers, 
and greater parental education (1= did not finish high school to 6= professional degree).  
Sports involvement. Sports involvement was measured at each of the four time 
points with two items (“How often in the last month have you played organized sports in 
school?” and “How often in the last month have you played organized sports outside of 
school?”), based on a 5-point scale (1 = never to 5 = every day). Higher composite scores 
indicated higher frequency of sports involvement. 
Direct aggression. Direct aggression was assessed at each of the four time 
periods with a composite of two scales. One scale (Little, Jones, Henrich, & Hawley, 
2003) assessed overt aggression with nine items (e.g., “If others have angered me, I often 
hit, kick, or punch them”) based on a 4-point scale (1 = not at all true of me to 4 = 
completely true of me), with Cronbach’s alphas ranging from .88 to .94 from Grades 9 to 
12. The other scale (Marini, Spear, & Bombay, 1999) assessed overt aggression in the 
past year with four items (e.g., “How often have you pushed and shoved someone during 
the last school year?”) based on a 5-point scale, recoded to fit a 4-point scale (1 = never 
to 4 = every day), with Cronbach’s alphas ranging from .85 to .86 from Grades 9 to 12. 
An overall composite aggression score was formed by averaging the composite scores 
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Table 4  
Means and Standard Deviations of Study 2 Measures and Demographic Variables 
Notes: vg = video game play; Freq = frequency; Competitive and non-competitive video 
game play was measured as 1=do no play, 2=play 
 
 
Variable Scale 
Range 
Grade 9 Grade 10 Grade 11 Grade 12 
 M (SD) M (SD)  (SD) M (SD) 
      
Gender 1-2  50.8% female 
 
Parental Education 
 
1-6 
  
3.27 (1.03) 
 
# of computers in 
home 
    
3.09 (0.91) 
 
Sports involvement 
 
Aggression 
 
1-5 
 
1-4 
  
 2.47 (1.17)     
 
1.63 (0.51) 
 
2.38 (1.22) 
 
1.59 (0.51) 
 
2.21 (1.19) 
 
1.63 (0.50) 
 
2.18 (0.92) 
 
1.67 (0.48) 
 
Competitive vg 
 
1-2 
 
1.31 (0.38) 
 
1.30 (0.37) 
 
1.29 (0.39) 
 
1.34 (0.37) 
 
Non-competitive vg 
 
1-2 
 
1.34 (0.47) 
 
1.36 (0.48) 
 
1.39 (0.49) 
 
1.31 (0.46) 
 
Freq competitive 
gambling 
 
1-5 
 
 1.37 (0.60) 
 
1.55 (.79) 
 
1.48 (0.72) 
 
1.41 (0.76) 
 
Freq non-
competitive 
gambling 
 
Freq competitive vg  
 
1-5 
 
 
 
1-5 
 
1.36 (0.55)     1.31 (0.65)     1.34 (0.67)    1.30 (0.70)  
 
                                              
                                               
                                              1.64 (0.67)    1.46 (0.50) 
 
Freq non-
competitive vg 
 
1-5 
                                              
                                              1.32 (0.59)     1.27 (0.55) 
 
Violent vg 
moderator 
 
0-1                                                                            
                                      
                                                
.65 (.48)
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on the two scales (correlations between the two measures were .53, .49, .49, and .44 in 
Grades 9 through 12, respectively). Higher composite scores indicated a higher frequency 
of aggression. 
Competitive video game play. Prevalence of competitive video game play was 
assessed at each of the four time points with two items. Participants were asked to 
indicate yes or no to whether they played sports (e.g., FIFA Soccer) or racing (e.g., 
NASCAR) video games. When participants were in Grades 11 and 12 only, frequency of 
competitive video game play also was assessed, and computed as an average of two 
items: “On an average day, how often do you play sports games?” and “On an average 
day, how often do you play racing games?” (based on a 5-point scale: 1 = not at all to 5 = 
5 or more hours). Higher composite scores indicated a higher frequency of competitive 
video game play. 
Non-competitive video game play. Prevalence of non-competitive video game 
play was assessed at each of the four time periods with four items. Participants were 
asked to indicate yes or no to whether they played puzzle (e.g., Tetris), art (e.g., 
Printshop), building model worlds (e.g., Sims), or quiz (e.g., Outburst) video games. In 
Grades 11and 12 only, frequency of nonviolent video game play also was assessed and 
computed as an average of four items: “On an average day, how often do you play 
puzzle, art, building model worlds, or quiz video games?” (based on a 5-point scale: 1 = 
not at all to 5 = 5 or more hours). Higher composite scores indicated a higher frequency 
of nonviolent video game play. 
 Playing of violent video games over the four years (moderator variable). 
Participants were asked to indicate yes or no to whether they played action (e.g., Call of 
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Duty) or fighting (e.g., Mortal Kombat) video games at each time point. A dichotomous 
moderator variable was then created as 0 (did not play action or fighting games at any 
time point) and 1 (played action and fighting games during at least one time point). 
Frequency of competitive gambling. Frequency of competitive gambling was 
assessed at each of the four time periods with two items. Participants were asked to 
indicate how often they played cards (poker, euchre) for money and bet on a sporting 
event (e.g., proline) based on a 5-point scale (1 = never to 5 = every day). Higher 
composite scores indicated higher frequency of competitive gambling.  
Frequency of non-competitive gambling. Frequency of non-competitive 
gambling was assessed at each of the four time periods. Participants were asked to 
indicate how often they entered draws for charity based on a 5-point scale (1 = never to 5 
= every day). Higher scores indicated higher frequency of non-competitive gambling.  
Results 
Preliminary Analyses 
Table 4 outlines the means and standard deviations for the study variables (see 
Appendices R and S for bivariate correlations between the main study variables).  
We also examined mean differences in the video game, gambling, and aggression 
measures as a function of gender. A significant multivariate main effect was found at 
each grade (all Wilks λs < .001, R2 ranging from .27, 95% CI [.23, .31] in grade 9 to .35, 
95% CI [.31, .39] in grade 11). Overall, boys reported more aggression, competitive 
video game play, competitive gambling, and non-competitive gambling than girls, while 
girls reported more non-competitive video game play than boys. All measures showed 
acceptable skewness and kurtosis, with the exception of the competitive and non-
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competitive gambling measures, and the frequency of video game play measures in 
grades 11 and 12. To address this issue, we conducted a log
10
 transformation
4
 for these 
video game play and gambling variable, which reduced skewness and kurtosis to 
acceptable levels (skewness < 2 and kurtosis < 3 for all variables). These transformed 
variables were used in the subsequent analyses. Please note that Table 4 reflects the 
means and standard deviations of the untransformed variables.  
Assessment of the Socialization and Selection Hypotheses 
 Association between aggression, competitive video game play and frequency 
of competitive gambling from Grades 9 through 12. In order to simultaneously assess 
the socialization (playing competitive but not non-competitive video games/gambling 
predicts higher levels of aggression over time) and selection (aggression predicts higher 
levels of competitive but not non-competitive video game play/gambling over time) 
hypotheses, while controlling for gender, parental education, number of computers in the 
home, and sports involvement, we created a 4-wave (grade 9 to 12) autoregressive cross-
lagged model in which bidirectional (cross-lagged) paths (i.e., paths from earlier video 
game play/gambling to later aggression as well as paths from earlier aggression to later 
video game play/gambling) were estimated across each adjacent grade (i.e., over 1-year 
time periods) between both competitive and non-competitive video game play and 
aggression, and between both competitive and non-competitive gambling and aggression 
(see Figure 2). Stability paths across grade within each variable also were specified, as  
                                                 
4Consistent with recommendations by Graham (2009) and Shafer and Graham (2002), we 
transformed these variables prior to imputation.  
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Frequency of 
Competitive Gambling
9
Non-competitive 
Video Game Play 9
Notes. 9=grade 9; 10=grade 10; 11=grade 11; 12=grade 12. Covariates are indicated with dashed lines. 
Only significant paths are shown. Not shown are covariances among variables within each grade, or 
paths related to covariates. Standardized coefficients (95% confidence intervals are in brackets) are 
reported for significant paths. *<.05, **<.01, ***<.001. Results for covariates, covariances, and the 
95% confidence intervals for the stability paths can be obtained from the first author.
Gender 
Parental Education 
#Computers in Home 
Competitive Video
Game Play 9
Non-competitive 
Video Game Play 10
Competitive Video
Game Play 10
Non-competitive
Video Game Play 11
Non-competitive 
Video Game P lay 12
Competitive Video
Game Play 11
Competitive Video
Game Play 12
.04*[.01, .06].03*[.01, .06]
.07***[.03, .11]
.07***[.04, .09] .07***[.04, .09] .06***[.03, .09]
.09***[.06, .11] .09***[.06, .11] .09***[.06, .11]
Aggression
9
Aggression
10
Aggression
11
Aggression
12
.05**[.02, .07].05**[.02, .07].04**[.01, .06] .03*[.01, .06]
.07***[.03, .11] .06***[.03, .10]
Sports Involvement 9 Sports Involvement 10 Sports Involvement 11 Sports Involvement 12
Frequency of 
Non-competitive 
Gambling  11
Frequency of 
Competitive Gambling
10
Frequency of 
Competitive Gambling
11
Frequency of 
Competitive Gambling
12
Frequency of 
Non-competitive 
Gambling  11
Frequency of 
Non-competitive 
Gambling  11
Frequency of 
Non-competitive 
Gambling  11
.34*** .43***
.44***
.37***
.26***
.18***
.31***
.36*** .53***
.26***
.24***
.24***
.55***
.25***
.19***
 
Figure 2. Final model results for Study 2 analysis assessing the socialization versus 
selection hypotheses with dichotomous measures of competitive and non-competitive 
video game play 
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well as covariances among the variables within each grade to control for common method 
variance. Because we were not interested in the longitudinal associations between 
video game play and gambling, we did not include cross-lagged paths between the video 
game play and gambling variables. 
We first assessed whether the pattern of results was invariant across grade. 
Invariance was tested by comparing a model in which all cross-lagged paths were 
constrained to be equal across grade to the unconstrained model in which all structural 
paths were free to vary. The chi-square difference test of relative fit indicated that the 
unconstrained model was not a significantly better fit than the constrained model, 
suggesting that the patterns of associations among the measures were consistent across 
the high school years, p > .05. As the constrained model was the most parsimonious 
model, all further interpretations were based on the constrained model. Model fit was 
good, χ2(110) = 191.63 p < .001, CFI = .99, RMSEA = .022 (.017 - .028). Figure 2 
summarizes the significant path estimates. In terms of the socialization hypothesis, 
competitive video game play significantly predicted higher aggression over time, after 
controlling for previous aggression. In contrast, non-competitive video game play did not 
significantly predict aggression over time, after controlling for previous aggression. 
Consistent with the relationship between competitive video games and aggression, 
frequency of competitive gambling also significantly predicted higher aggression over 
time, after controlling for previous aggression. Conversely, frequency of non-competitive 
gambling did not predict aggression over time, after controlling for previous aggression.  
 In terms of the selection hypothesis, higher levels of aggression significantly 
predicted competitive video game play over time, after controlling for previous 
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competitive video game play. In contrast, aggression did not significantly predict non-
competitive video game play over time, after controlling for previous non-competitive 
video game play. In addition, higher levels of aggression significantly predicted higher 
frequency of competitive gambling, after controlling for previous frequency of 
competitive gambling. Interestingly, higher levels of aggression also significantly 
predicted higher frequency of non-competitive gambling, after controlling for previous 
frequency of non-competitive gambling. Furthermore, we tested whether the selection 
effects between competitive video game play and aggression as well as between 
competitive gambling and aggression were stronger than the socialization effects, by 
comparing a model in which the paths testing the socialization and selection effects were 
constrained to be equal between competitive video game play and aggression as well as 
between competitive gambling and aggression, to a model in which the socialization and 
selection effects were not constrained to be equal. For both video game play and 
gambling, the chi-square difference test of relative fit indicated that the constrained and 
unconstrained models did not differ, suggesting that the selection versus socialization 
effects between competitive video game play and aggression as well as between 
competitive gambling and aggression were not significantly different in magnitude, p > 
.05.  
 Association between aggression and frequency of competitive video game 
play and frequency of competitive gambling in Grades 11 and 12. Although the 
previous model assessed the bidirectional (cross-lagged) associations between 
dichotomous measures of video game play (yes/no) and aggression, it was important also 
to assess the bidirectional associations between frequency of competitive and non-
82 
 
competitive video game play and aggression. We only had access to measures of the 
frequency of video game play when our participants were in grades 11 and 12. Thus, we 
created a 2-wave autoregressive cross-lagged model in which in which bidirectional 
(cross-lagged) paths were estimated across grades 11 and 12 (i.e., over 1-year time 
periods) between the frequency of both competitive and non-competitive video game 
play and aggression, and between both competitive and non-competitive gambling and 
aggression (see Figure 3). Stability paths across grade within each variable also were 
specified, as well as covariance among the variables within each grade. Gender, parental 
education, number of computers in the home, and sports involvement were included as 
covariates. Again, we did not include bidirectional paths between the video game play 
and gambling variables because we were not interested in the longitudinal predictive 
effects between video game play and gambling,  Model fit was good, χ2(16) = 61.19 p < 
.001, CFI = .99, RMSEA = .044 (.032 - .055). Figure 3 summarizes the significant path 
estimates. In terms of the socialization hypothesis and consistent with the first model, 
frequency of competitive video game play significantly predicted higher aggression over 
time, after controlling for previous aggression. In contrast, frequency of non-competitive 
video game play did not significantly predict aggression over time, after controlling for  
previous aggression. Frequency of competitive gambling also significantly predicted 
higher aggression over time, after controlling for previous aggression. Conversely, 
frequency of non-competitive gambling did not predict aggression over time, after 
controlling for previous aggression.  
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Notes. 11=grade 11; 12=grade 12. Covariates are indicated with dashed lines. Only significant paths 
are shown. Not shown are covariances among variables within each grade, or paths related to 
covariates. Standardized coefficients (95% confidence intervals are in brackets) are reported for 
significant paths. *<.05, **<.01, ***<.001. Results for covariates, covariances, and 95% confidence 
intervals for the stability paths can be obtained from the first author.
Gender 
Parental Education 
#Computers in Home 
Frequency of 
Competitive Video Game Play 11
.06**[.01, .11]
.06**[.02, .09]
.11***[.05, .16]
Aggression 11 Aggression 12
.06*[.01, .11]
.11**[.04, .18]
Sports Involvement 11 Sports Involvement 12
Frequency of 
Competitive Video Game Play 12
Frequency of 
Non-competitive Video Game
Play 11
Frequency of 
Non-competitive Video Game
Play 12
Frequency of 
Non-competitive Gambling 11
Frequency of 
Non-competitive Gambling 12
Frequency of 
Competitive Gambling 11
Frequency of 
Competitive Gambling 12
.64***
.22***
.31***
.50***
.63***
 
Figure 3. Final model results for Study 2 analysis assessing the socialization versus 
selection hypotheses with frequency measures of competitive and non-competitive video 
game play 
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 In terms of the selection hypothesis, higher levels of aggression significantly 
predicted higher frequency of competitive video game play over time, after controlling 
for previous competitive video game play. In contrast, aggression did not significantly 
predict frequency of non-competitive video game play over time, after controlling for 
previous non-competitive video game play. In addition, higher levels of aggression 
significantly predicted higher frequency of competitive gambling, after controlling for 
previous frequency of competitive gambling. Higher levels of aggression also 
significantly predicted higher frequency of non-competitive gambling, after controlling 
for previous frequency of non-competitive gambling. Furthermore, we tested whether the 
selection effects between frequency of competitive video game play and aggression as 
well as between frequency of competitive gambling and aggression were stronger than 
the socialization effects, by comparing a model in which the socialization and selection 
effects were constrained to be equal between competitive video game play and aggression 
as well as competitive gambling and aggression, to a model in which the socialization 
and selection effects were not constrained to be equal. The chi-square difference test of 
relative fit indicated that the model in which the selection and socialization effects were 
not constrained to be equal was not a significantly better fit than the constrained model, 
suggesting that the selection and socialization effects between frequency of competitive 
video game play and aggression as well as between frequency of competitive gambling 
and aggression were not significantly different in magnitude, p > .05.   
Violent Video Game Play as a Moderator 
 Playing of action/fighting video games was included as a moderator to test 
whether playing sports/racing games was associated with aggression only for participants 
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who also played action/fighting (i.e., violent) games. Consistent with our hypotheses, 
there were no significant differences in the pattern of results as a function of playing 
action/fighting games (p >.05 in χ2 diff tests between constrained and unconstrained 
models), suggesting that playing sports/racing games predicted aggression regardless of 
whether participants also played action/fighting games or not.  
Gender as a Moderator 
Gender also was included as a moderator and there were no significant differences 
in the pattern of findings as a function of gender (p >.05 in χ2 diff tests between 
constrained and unconstrained models). 
Discussion  
The majority of research on the relationship between video games and aggression 
has confounded the effect of video game violence versus competition on aggression (see 
Anderson et al., 2010 for a review; see also Ferguson & Kilburn, 2010 for criticisms of 
this work). In contrast, recent experimental research suggests that it is video game 
competition, not violence, that has the greatest effect on aggression in the short-term 
(Adachi & Willoughby, 2011a). However, no researchers have examined the longitudinal 
relationship between competitive video game play and aggression. In addition, if 
competition in video games is a significant reason for the association between video 
game play and aggression, then other competitive activities, such as competitive 
gambling, also may predict aggression over time. The current study is the first to 
demonstrate a longitudinal, bidirectional association between competitive video game 
play and aggression, as well as between competitive gambling and aggression. Consistent 
with our hypotheses, the results revealed support for the socialization hypothesis in that 
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playing competitive video games (but not non-competitive video games) as well as higher 
frequency of competitive gambling (but not non-competitive gambling) predicted higher 
levels of aggression across the four high school years. In addition, higher frequency of 
competitive video game play (but not non-competitive video game play) in Grade 11 
predicted higher levels of aggression in Grade 12. These findings suggest that adolescents 
who engage in competitive video game play and competitive gambling may be more 
likely to behave aggressively over time. We also found support for the selection 
hypothesis as higher levels of aggression predicted competitive video game play as well 
as higher frequency of competitive gambling from Grade 9 to Grade 12, and higher levels 
of aggression in grade 11 predicted higher frequency of competitive video game play in 
Grade 12, which suggests that adolescents who are more aggressive may be more likely 
to self-select into these competitive activities. Furthermore, the fact that we controlled for 
sports involvement at each time point rules out the potential third variable explanation 
that people who play sports video games and bet on sports games also play real sports, 
and that it is the playing of real sports that predicts aggression over time.  
In addition, to address the possible concern that adolescents who play 
sports/racing video games also might play action/fighting (violent) video games, and 
thus, it could be the participants’ action/fighting video game play, and not their 
sports/racing video game play, that is driving the association with aggression, we 
examined whether the predictive effect of sports/racing games on aggression was 
moderated by whether participants played action/fighting games or not. Consistent with 
our hypothesis, the pattern of results did not differ between participants who played 
sports/racing games but not action/fighting games, and participants who played 
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sports/racing games and action/fighting games. Thus, an important strength of the current 
study is that the longitudinal association between playing sports/racing games and 
aggression remained stable after controlling for action/fighting video game play. 
The current findings are important as they elucidate a long-term relationship 
between competition and aggression among adolescents. First, the finding that 
competitive, but not non-competitive video game play predicted aggression over time 
after controlling for violent video game play suggests that in addition to having a short-
term effect on aggression (Adachi & Willoughby, 2011a), video game competition also 
predicts higher levels of aggression in the long-term. Second, the finding that 
competitive, but not non-competitive gambling also predicted aggression over time 
suggests that competitive activities in general may predict later aggression. This finding 
is important because if competitive activities in general predict aggression, then this 
suggests that there may not be something unique about the association between violent 
video game play and aggression. Specifically, it suggests that the longitudinal link found 
between violent video games and aggression (see Willoughby et al., 2012) may be due to 
the competition in the games, rather than the violence, as violent video games in general 
tend to be more competitive than non-violent games (Adachi & Willoughby, 2011b; 
Carnagey & Anderson, 2005). Thus, violent video game play may be a long-term risk 
factor for aggression among adolescents for the same reason that competitive video game 
play and competitive gambling are risk factors: because they are all competitive activities.    
Interestingly, we also found that higher levels of aggression predicted higher 
frequency of non-competitive gambling (i.e., entering draws). According to Steinberg 
(2007), the desire to take risks increases in adolescence, and thus many forms of risk 
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taking increase from childhood to adolescence. Considering that aggression and gambling 
are both forms of risk taking, it may be that adolescents who are more aggressive also are 
more likely to seek out other forms of risk taking such as gambling, than adolescents who 
are less aggressive. Furthermore, entering draws may be one of the most accessible forms 
of gambling for adolescents, as draws may not be restricted to adults unlike most forms 
of gambling (e.g., going to the casino, playing online poker). Conversely, adolescents 
who enter draws may not be more likely to behave aggressively because aggression often 
is a much riskier activity with more severe consequences than entering draws. 
Specifically, when someone behaves aggressively their victim may retaliate, and thus 
they are at risk for being the target of aggression. Furthermore, adolescents who behave 
aggressively may face negative consequences at school (e.g., suspension), at home (e.g., 
punishment from parents), or even with the law (e.g., assault charges). In contrast, 
adolescents who enter draws risk losing money, which may be considered as less of a risk 
compared to the potential negative consequences of behaving aggressively. Thus, 
adolescents who are willing to enter draws may not be willing to then take larger risks, 
such as behaving aggressively.  
Given the longitudinal relationship found between competitive activities and 
aggression in the present study, future research should be aimed at identifying potential 
mediators of this association. In terms of socialization effects, consistent with excitation 
transfer theory (Zillmann, 1983) as well as the frustration-aggression hypothesis 
(Berkowitz, 1989; Dollard et al., 1939), it may be that repeated exposure to competitive 
activities may teach people that aggression is an appropriate way to deal with related 
increases in frustration and arousal. Thus, researchers should examine whether frustration 
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and arousal mediate the link between competitive activities and aggression, in that greater 
involvement in competitive activities may predict higher levels of frustration and arousal, 
and in turn, higher levels of frustration and arousal may predict higher levels of 
aggression over time. In addition, researchers should examine whether sustained 
participation in competitive activities over time may strengthen associative links between 
competition and aggression, consistent with Anderson and Carnagey (2009), and 
Anderson and Morrow (1995), which in turn may lead to higher levels of aggression. 
Using the implicit association test (IAT), researchers could examine whether people who 
report greater sustained participation in competitive activities tend to demonstrate 
stronger implicit associations between competition and aggression than people with less 
sustained participation in competitive activities, and in turn, whether these implicit 
associations mediate the predictive influence of competitive activity involvement on 
aggression. In terms of selection effects, it may be that more aggressive people are more 
likely to associate competitive activities with aggression, and thus are more likely to seek 
out competitive activities than less aggressive people. Hence, the IAT also could be used 
to examine whether more aggressive people tend to demonstrate stronger implicit 
associations between competition and aggression than less aggressive people, and in turn, 
whether these implicit associations mediate the predictive influence of aggression on 
competitive activity involvement.    
An important limitation of the present study stems from the reliance on self-report 
measures. Reports of video game use, aggression, and gambling would benefit from 
corroboration from other informants (e.g., friends, parents). It is not clear, however, 
whether anyone other than the adolescent can provide an accurate assessment of their 
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video game use given that much of the activity may be conducted alone. Importantly, 
however, we specified covariances among all of the variables within each time period in 
both models, thus accounting for common method variance. Nonetheless, the inclusion of 
peer assessment may be a key factor in increasing our knowledge of how often 
adolescents play video games with friends and peers. Another limitation was that the 
structural paths that were significant in the present study were all small in magnitude. 
However, these effect sizes are common in longitudinal cross-lagged models when 
accounting for stability between adjacent waves of data and for concurrent associations 
among variables within each grade. Thus, small effects are not unexpected. Another 
possible concern may be that because a few sports and racing games might contain some 
aggressive content, it may be this aggressive content, rather than the competitive content 
that was associated with aggression in the present study. However, we think this is 
unlikely given that the competitive gambling activities also had a significant association 
with aggression that was similar in magnitude to competitive video game play, even 
though gambling does not involve violence or aggression. In addition, our findings are 
consistent with an experiment which demonstrated that it was the competitive content 
rather than the violent content that influenced aggression (Adachi & Willoughby, 2011a). 
Furthermore, it is not clear whether the results are generalizable to developmental 
periods beyond the high school population. Indeed, the long-term relationship between 
competitive video game play and aggression may be different for adolescents (e.g., 12 to 
19 years) and adults (e.g., 25 years and older), due to changes in the brain during 
adolescence and young adulthood. Specifically, according to Steinberg (2007), puberty-
related maturation of brain regions linked to emotion and arousal may lead adolescents to 
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seek out arousing stimulation, such as risk-taking behavior. However, adolescents may 
have more difficulty than adults in regulating such arousal due to a still maturing 
prefrontal cortex (Giedd, 2008; Steinberg, 2010). Thus, adolescents may be more 
attracted to competitive video games than adults because competitive video games tend to 
be fast-paced, exciting, and arousing. In addition, adolescents may be more likely to 
behave aggressively after playing a competitive video game than adults, due in part to 
adolescents’ greater difficulty in regulating their arousal in comparison to adults. In 
contrast, the long-term relationship between competitive gambling and aggression may 
be stronger for young adults (age 19 to 25 years) than adolescents, due to differences in 
gambling habits between the two age groups. Specifically, playing cards for money in a 
casino or regulated forms of sports betting (e.g., Proline) may be more prevalent among 
young adults than adolescents (Felsher, Derevensky, & Gupta, 2010; Shaffer & Hall, 
2001) because these activities are illegal for adolescents in North America. Thus, if 
young adults engage in more competitive gambling than adolescents, then both 
socialization and selection effects on aggression may be stronger for young adults 
compared to adolescents. Future research would benefit from direct tests of these 
hypotheses by examining whether the link between competitive video games and 
aggression as well as between competitive gambling and aggression differ between age 
groups (e.g., adolescents and adults), as well as by conducting longitudinal studies over a 
longer time span (e.g., from childhood to adulthood). Finally, although the participants in 
the present study included a large sample of enrolled students from a school distinct, 
findings may not generalize to other geographic regions, including those with differing 
ethnic and/or demographic populations. 
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In summary, we found support for a bidirectional association between competitive 
video game play and aggression as well as between competitive gambling and 
aggression. In terms of the socialization hypothesis, we found that both competitive video 
game play and competitive gambling predicted higher levels of aggression over time. In 
terms of the selection hypothesis, we found that higher levels of aggression predicted 
higher levels of competitive video game play and competitive gambling over time. 
Overall, the results suggest that competitive activities in general may predict aggression 
over time among adolescents. The fact that millions of adolescents play competitive 
video games for several hours every day (Lenhart et al., 2008) and competitive gambling 
may increase as adolescents transition into adulthood, beckons the need for a greater 
understanding of the relationship between competition and aggression.  
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Chapter 4 (Study 3): The Long-Term Associations between Competitive Video 
Game Play, Aggressive Affect, and Aggressive Behavior: Theoretical and 
Developmental Implications for Adolescents and Young Adults
5
 
The long-term positive association found between video game play and 
aggression, which is defined as behavior that is intended to harm another individual 
(Dodge, Coie, & Lynam, 2006), is an important issue as video games have become the 
fastest growing form of entertainment in the world. Indeed, the global market value of the 
video game industry was $67 billion in 2010 and is predicted to be $112 billion by 2015 
(Biscotti et al. 2011). The importance of this issue is further highlighted by U.S. President 
Barack Obama’s recent request that Congress provide $10 million to fund research on the 
link between violent video game play and violent/aggressive behavior (Dinan, 2013). To 
date, the vast majority of video game and aggression research has been focused on the 
effect of violent video game content on elevating aggression (see Anderson et al., 2010; 
Ferguson, in press; Greitemeyer & Mügge, 2014 for reviews; also see Adachi & 
Willoughby, 2011a; Ferguson & Kilburn, 2010; Ferguson 2013 for critiques of this 
literature); however, recent research also has demonstrated effects of non-violent video 
game play on aggression (e.g., Adachi & Willoughby, 2011b; 2013a; Breuer, Scharkow, 
& Quandt, 2013; Przybylski, Deci, Rigby, & Ryan, 2014). Long-term longitudinal 
research on this topic, however, is still in its infancy, as only a small fraction of the 
research studies on the link between video game play and aggression have assessed long-
term effects (e.g., Adachi & Willoughby, 2013a; Ferguson, San Miguel, Garza, & 
Jerabeck, 2012; Möller & Krahé, 2009). Importantly, there is a dearth of longitudinal 
                                                 
5
 A version of this chapter has been revised and resubmitted to Developmental 
Psychology. 
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research which has simultaneously examined the predictive effects of violent and non-
violent video game play, on aggression. Thus, research is needed to investigate whether 
violent video game play and non-violent video game play each have unique long-term 
associations with aggression. In addition, researchers recently have demonstrated a link 
between video game competition (i.e., video games in which the player competes against 
other computer-generated characters such as in sports or racing games) and aggression, 
representing an important new direction in the video game and aggression literature (e.g., 
Adachi & Willoughby, 2011a, 2011b, 2013a; Breuer et al., 2013; Schmierbach, 2010).  
The first goal of the present research, therefore, was to examine the fundamental 
question of whether violent video game play (i.e., action/fighting games) and non-violent 
video game play (i.e., sports/racing games) each have unique long-term associations with 
aggression. Next, given that action/fighting (violent) video games and sports/racing 
games (non-violent) video games are both highly competitive (e.g., Adachi & 
Willoughby, 2011b), the second goal was to examine the long-term predictive effect of 
the commonality (e.g., competitiveness) between action/fighting and sports/racing video 
game play on aggression. The third goal was to investigate a potential underlying 
mechanism of the long-term link between video game play and aggression, namely 
aggressive affect. Finally, the long-term association between video game play and 
aggression primarily has been examined among adolescents (e.g., Adachi & Willoughby, 
2013a; Krahé & Möller, 2010; Möller & Krahé, 2009; Willoughby, Adachi, & Good, 
2011), but not young adults. We examined whether video game play predicts aggression 
in the long-term, therefore, among young adults in addition to adolescents. Overall, the 
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current research significantly advances our understanding of the long-term link between 
video game play and aggression among adolescents and young adults. 
The Long-Term Association between Video Game Play and Aggression among 
Adolescents and Young Adults 
To date, research on the long-term association between video game play and 
aggression has been limited to adolescent samples (e.g., Adachi & Willoughby, 2013a; 
Möller & Krahé, 2009; Wallenius & Punamäki, 2008; Willoughby et al., 2012; see also 
Breuer et al., in press; and Ferguson et al., 2012 for null effects; and Anderson Gentile, & 
Buckley, 2007 for a short-term longitudinal study with elementary school students) and 
has been primarily focused on violent video game play, rather than non-violent video 
game play. For example, Möller and Krahé (2009) assessed the bidirectional link (i.e., 
both socialization and selection effects) between violent video game play and aggressive 
behavior in a 30-month longitudinal study of German adolescents. Specifically, Möller 
and Krahé  examined whether violent video game play predicted higher levels of 
aggression over time (socialization effect) and whether aggression predicted higher levels 
of violent video game play over time (selection effect). Results indicated that exposure to 
violent video games at time 1 predicted physical aggression at time 2 (but not relational 
aggression), after controlling for aggression at time 1 (socialization effect). In contrast, 
there was no evidence of selection effects, as neither physical aggression nor relational 
aggression at time 1 predicted greater exposure to violent video games at time 2, after 
controlling for exposure to violent video games at time 1. In addition, because exposure 
to non-violent video game play (e.g., sports and racing games) was not included in the 
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model, it is unclear whether non-violent video game play also would have had a unique 
predictive effect on aggression.   
The majority of experiments on the short-term effects of video game play on 
aggression have been conducted with young adults (e.g., Adachi & Willoughby, 2011b; 
Barlett, Branch, Rodeheffer, & Harris, 2009; Englehardt, Bartholow, & Saults, 2011; see 
also Ferguson & Rueda, 2010 for null effects), although no researchers have examined 
long-term predictive effects during this developmental period, even though 81% of 18-29 
year old Americans play video games and half of these young adult video game players 
play games at least a few times a week (Lenhart, Jones, & Macgill, 2008). It is unclear, 
therefore, whether video game play has predictive effects on aggression over time among 
young adults. Video game play may have similar effects on behavior among adolescents 
and young adults, consistent with research on brain development during these two 
developmental periods. Specifically, according to the Dual Systems Model (Steinberg 
2007; 2008), the cognitive control network, hypothesized to be led by the prefrontal 
cortex and responsible for planning, judgment, and inhibition, may not be fully mature 
until the mid-20s (Ernst, Pine, & Hardin, 2006). Neural connections among brain regions 
also continue to strengthen across adolescence into young adulthood (Dosenbach, 
Petersen, & Schlaggar, 2013; Eluvathingal, Hasan, Kramer, Fletcher, & Ewing-Cobbs, 
2007; Paus, 2009). Thus, both adolescents and young adults sometimes may have 
difficulty in regulating their arousal and may be more likely to engage in risk-taking 
behaviors (Steinberg, 2007; 2010), such as aggression, than other age groups. Video 
game play may lead to elevations in aggression among young adults, therefore, similar to 
adolescents. 
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Research on the Effects of Video Game Violence versus Competition on Aggression 
 To date, the majority of research on the short-term link between video game play 
and aggression has been focused on the violent content in games (e.g., see meta-analytic 
reviews by Anderson et al., 2010; Ferguson, in press; Greitemeyer & Mügge, 2014; but 
also see Adachi & Willoughby, 2011b; Breuer, Vogelgesang, Quandt, & Festl, in press; 
Ferguson et al., 2008; Ferguson, Garza, Jerabeck, Ramos, & Galindo, 2013; Ferguson & 
Olsen, 2014; Ferguson & Reuda, 2010; Pryzbylski et al., 2014; Tear & Nelson, 2013; 
Williams & Skoric, 2005 for evidence of null effects of violent content); however, this 
work has been critiqued (e.g., Adachi & Willoughby, 2011a, 2011b; Ferguson et al., 
2008; Ferguson & Kilburn, 2010). For example, researchers who have found that playing 
a violent video game produced more aggression than a non-violent game in an 
experimental study often did not match the games on competitiveness prior to testing. 
This is problematic, as violent video games in general tend to be more competitive than 
non-violent games (Carnagey & Anderson, 2005). Players compete in shooting battles 
with opponent characters in first-person shooter games (e.g., the Call of Duty series), for 
example, or in hand-to-hand combat in fighting games (e.g., the Mortal Kombat series). 
In contrast, many non-violent games do not involve competition. For example, the first-
person perspective graphic adventure game, Myst, is a non-violent game in which the 
main character must explore virtual worlds and solve puzzles to advance through the 
game. In addition to being non-violent, Myst also contains no competition, as there are no 
other characters in the game with which to compete. Thus, in experimental studies in 
which researchers found that a violent and competitive video game produced elevations 
in aggression compared to a non-violent game that is also less competitive, such as Myst 
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(e.g., Anderson & Dill, 2001), it is unclear whether it was the violent or competitive 
content that produced the elevations in aggression.  
To examine whether violent or competitive content in games has the greatest 
influence on aggressive behavior in the short-term, Adachi and Willoughby (2011b) 
matched video games on other characteristics that may be related to aggression beyond 
violent content in an experimental study. First, the violent content was isolated by 
matching a violent and a non-violent game on competitiveness, difficulty, and pace of 
action. No differences were then found between the two games in terms of their effect on 
aggressive behavior among undergraduate participants. Thus, Adachi and Willoughby 
concluded that video game violence alone was not sufficient to elevate aggression. Next, 
competitive content was isolated by matching competitive and non-competitive games in 
terms of difficulty and pace of action, and systemically controlling for violence. Adachi 
and Willoughby found that the competitive games produced more aggressive behavior 
than the non-competitive games irrespective of the amount of violent content. Therefore, 
they concluded that competition, not violence, is the video game characteristic that had 
the greatest influence on aggressive behavior in the short-term, suggesting that video 
game competition may be an alternative explanation for the effect of violent video game 
play on aggression. 
To date, Anderson and Carnagey (2009) are the only other researchers to match a 
violent and a non-violent game on ratings of competitiveness; however, the violent game 
in their study contained a faster pace of action, was more difficult, and produced more 
frustration than the non-violent game. Anderson and Carnagey statistically controlled for 
these differences between the games using analysis of covariance, but this is invalid 
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according to Miller and Chapman (2001; see Adachi & Willoughby, 2011a for a more 
detailed discussion of these findings). 
 Similar to experimental research on short-term effects, most of the longitudinal 
research on video game play and aggression has been focused on violent video game play 
(e.g., Anderson, et al., 2007; Möller & Krahé, 2009; Wallenius & Punamäki, 2008; 
Willoughby et al., 2011; see also Breuer et al., in press; Ferguson et al., 2012 for null 
effects). In fact, the longitudinal association between video game competition and 
aggression only has been investigated in one study. Adachi and Willoughby (2013a) 
conducted a four-wave longitudinal study of adolescents in which they examined whether 
playing competitive video games that are predominately non-violent (e.g., sports and 
racing games) were associated with aggressive behavior over the four high school years. 
Adachi and Willoughby argued that sports and racing games are highly competitive but 
non-violent, because although a few sports games contain some aggressive content (e.g., 
football or boxing games), most do not (e.g., soccer, golf, basketball, snowboarding, 
tennis, baseball). Similarly, while some racing games allow vehicles to come into contact 
with each other during a race, this behavior usually is discouraged as it causes both 
vehicles to slow down and thus impedes the player’s goal of winning the race. 
Furthermore, sports and racing games do not contain the more extreme violence that can 
be found in many fighting, action, and first-person shooter games, such as “blood-soaked 
battles to the death with a variety of lethal weapons” (Adachi & Willoughby, 2013a, p. 
1093). These arguments have been supported by empirical evidence, as researchers have 
found that action and fighting video games are rated as more violent than sports and 
racing video games, but matched in terms of competitiveness (e.g., Adachi & 
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Willoughby, 2011b; Valadez & Ferguson, 2012). If playing sports and racing video 
games predict aggressive behavior over time, therefore, then this predictive effect on 
aggression may be driven by the competitive content, rather than by violent content.  
In support of this hypothesis, Adachi and Willoughby (2013a) found that playing 
sports and racing video games predicted higher levels of aggressive behavior over time, 
after controlling for previous levels of aggressive behavior (socialization effect). There 
also was evidence of selection effects, as more aggressive adolescents were more likely 
to play sports and racing games over time than less aggressive adolescents. Adachi and 
Willoughby concluded that playing more competitive video games tends to be associated 
with higher levels of aggressive behavior, in comparison to less competitive video games, 
although they did not examine the link between violent video game play and aggression 
in this study. Thus, it is unclear whether sports/racing video game play would have 
uniquely predicted aggression if violent video game play (e.g., action/fighting games) 
also was included as a predictor of aggression. 
The Frustration-Aggression Hypothesis  
While recent findings have indicated a long-term association between competitive 
video game play and aggression, it is unclear why competitive video game play predicts 
aggression over time, as no researchers have examined the underlying mechanisms of this 
longitudinal link. The frustration-aggression hypothesis is particularly relevant for 
explaining the link between competition and aggression. This hypothesis, which first was 
proposed by Dollard, Doob, Miller, Mowrer, and Sears (1939) and then modified by 
Berkowitz (1989), holds that when an individual’s goal is thwarted (or threatened), the 
individual may experience aggressive affect such as anger and hostility, which, in turn, 
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may make the individual more likely to behave aggressively. Researchers have found 
support for this effect even when the individual’s goal is thwarted by another individual 
unintentionally.  
 Importantly, people are even more likely to become aggressive if they believe that 
their goal is deliberately blocked than if they believe that the goal thwarting is inadvertent 
(e.g., Berkowitz, 1989; Kulik & Brown, 1979). In addition to experiencing aggressive 
affect associated with the goal thwarting experience, when an individual’s goal is 
deliberately blocked the individual may feel that he/she has been “attacked personally,” 
which may further influence aggressive affect (Berkowitz, 1989, p. 68). The frustration-
aggression hypothesis is especially pertinent for explaining the link between competition 
and aggression, therefore, as competitors deliberately block each other’s goal of winning 
the competition during competitive encounters. For example, when competing against 
another player in a video game (either a human opponent or a computer-generated 
opponent), each player’s goal of winning directly impedes the other player’s goal of 
winning, as only one player can win. Thus, the fact that the players deliberately obstruct 
each other’s goal of winning throughout the competition as well as threaten each other 
with a total loss may lead to anger and hostility, and, in turn, may influence aggression 
(Berkowitz, 1962). Furthermore, competition may lead to elevations in aggressive affect 
and aggressive behavior even among competitors who reach their goal of winning the 
competition (Berkowitz, 1989). For example, research with children has shown that 
although competitors who reached their goal of winning a competition behaved less 
aggressively than participants who lost the competition, winners still behaved more 
aggressively than participants in the control group who were not involved in competition 
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(e.g., Nelson, Gelfand, & Hartmann, 1969). Thus, elevations in aggression that are 
produced by a competitive experience (e.g., the deliberate obstruction or threat of 
obstruction of one’s goals) may not be fully assuaged by reaching the end-goal of 
winning.  
While competitive experiences may influence state-levels of aggressive affect in 
the short-term, long-term exposure to competition may lead to elevations in more stable, 
trait-levels of aggressive affect. For example, long-term exposure to competition may 
lead to more frequent and intense feelings of anger and hostility when faced with a 
potential competitive situation. As a result, people may have greater difficulty inhibiting 
the expression of this aggressive affect over time, which may facilitate the translation of 
aggressive affect into aggressive behavior. In terms of the longitudinal association 
between video game competition and aggression, therefore, exposure to video game 
competition may influence aggressive behavior over time through elevations in trait-
levels of aggressive affect, consistent with the frustration-aggression hypothesis. 
Specifically, competitive video game play may lead to elevated trait-levels of aggressive 
affect, and, in turn, people with elevated trait-levels of aggressive affect may be more 
likely to behave aggressively.  
Although no researchers have examined whether aggressive affect is a mechanism 
of the long-term association between competitive video game play and aggression, recent 
research has demonstrated support for this link in the short-term. Specifically, Breuer et 
al. (2013) had participants play a non-violent sports game competitively against a 
confederate, followed by measures of negative (aggressive) affect (i.e., anger, irritation, 
frustration) and aggressive behavior. Participants were randomly assigned to either win or 
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lose the video game competition. Breuer et al. found that participants who lost the 
competition behaved more aggressively than participants who won, and that this effect 
was fully mediated by elevations in negative affect, consistent with the frustration-
aggression hypothesis. 
It is important to note that non-competitive video games also involve the goal of 
“winning” (e.g., advancing through the levels in a puzzle game such as Tetris) and thus 
may involve the real threat of losing the game (e.g., failing to complete a level), which, in 
turn, may lead to elevations in anger and hostility. We suggest that competitive video 
games may be more likely to induce anger and hostility that non-competitive video 
games, however, because only competitive games involve the threat of deliberate goal-
blocking from one’s opponents (e.g., other vehicles trying to overtake the player in a 
race), which may feel like a personal attack (Berkowitz, 1989). 
The Commonality between Action/Fighting (Violent) Video Game Play and 
Sports/Racing (Non-Violent) Video Game Play 
 As previously discussed in the review of the video game and aggression literature, 
competitiveness is a common element among action/fighting (violent) video game play 
and sports/racing (non-violent) video game play. In fact, both action/fighting and 
sports/racing video games have been shown to be matched in terms of participants’ 
ratings of competitiveness (Adachi & Willoughby, 2011b; Valadez & Ferguson, 2013). 
Hence, an underlying tendency toward video game competitiveness is represented in the 
commonality (i.e., the association) between action/fighting and sports/racing video game 
play. Given that researchers have demonstrated a short-term effect of competitive video 
game play on aggression (e.g., Adachi & Willoughby, 2011b; Breuer et al., 2013; 
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Schmierbach, 2010), therefore, we hypothesize that video game competitiveness might be 
partially, if not fully responsible for an effect of the commonality between these two 
types of video game play on aggression. 
Third Variable Framework 
It is important to consider the possibility that a long-term link between video 
game play and aggression may be due to their common associations with other 
unmeasured or “third” variables, such as demographic characteristics (e.g., being male) 
and other risky behaviors (e.g., alcohol use). For example, Ferguson (2011) has argued 
for the importance of testing the third variable hypothesis in studies examining the link 
between media and aggression by including multiple risk factors in researchers’ statistical 
models. Locating video game exposure among adolescents and young adults in a broader 
third variable framework, therefore, is critical. To address this issue, in the present 
research we included a diverse set of demographic variables (e.g., gender, parental 
education, age, living situation, born in Canada, ethnicity other than Canadian) as well as 
risk factors that have been found in past studies to be predictive of aggression and video 
game play (e.g., involvement in sports, online gambling, alcohol use; Adachi & 
Willoughby, 2013a; Maldonado- Molina, Jennings, & Komro, 2010; Wells, Graham, 
Speechly, & Koval, 2006). Our confidence in the robustness of the long-term association 
between video game play and aggression would be strengthened if analyses included 
these potential third variables as covariates and specifically assessed whether the link 
between competitive video game play and aggression holds up after controlling for these 
variables. 
Study 3a 
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In Study 3a we surveyed a large longitudinal sample of young adults about their 
video game play, aggressive affect, and aggressive behaviors. We addressed four goals. 
The first goal was to investigate the fundamental question of whether violent video game 
play (i.e., action/fighting games) and non-violent video game play (i.e., sports/racing 
games) each have unique long-term associations with aggression. Consistent with 
longitudinal research demonstrating effects of action/fighting (violent) video game play 
on aggression (Willoughby et al., 2012), and recent research demonstrating effects of 
non-violent video games on aggression (e.g., Adachi & Willoughby, 2011b, 2013a, 
Breuer et al., 2013; Przybylski et al., 2014), we hypothesized that action/fighting 
(violent) and sports/racing (non-violent) video game play each would be uniquely 
associated with aggression over time.  
Next, given that past research has shown that action/fighting (violent) and 
sports/racing (non-violent) video games tend to be matched in terms of competitiveness 
(Adachi & Willoughby, 2011b; Valadez & Ferguson, 2013), the second goal was to 
examine the long-term predictive effect of the commonality (e.g., competitiveness) 
between action/fighting video game play and sports/racing video game play on 
aggression. Consistent with research showing a link between video game competition and 
aggression (Adachi & Willoughby, 2011b; Adachi & Willoughby, 2013a; Breuer et al., 
2013), we hypothesized that the commonality (e.g., competitiveness) between the two 
types of video game play would predict higher levels of aggression over time. Given that 
this is the first study to examine the predictive effect of the commonality between 
action/fighting and sports/racing video game play on aggression, however, it is not clear 
whether the two types of video game play also would have unique effects on aggression, 
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independent of the predictive effect of their commonality on aggression. For example, 
after controlling for the predictive effect of their commonality (e.g., competitiveness) on 
aggression, action/fighting and sports/racing video game play also may have unique 
associations with aggression, due to elements that are unique to each type of game (e.g., 
high levels of violence are unique to action/fighting games and may be linked with 
aggression). Thus, we did not have specific hypotheses regarding whether action/fighting 
or sports/racing video game play would be uniquely associated with aggression after 
controlling for the predictive effect of their commonality on aggression.  
The third goal was to investigate whether aggressive affect (i.e., anger and 
hostility) is an underlying mechanism of the long-term link between video game play and 
aggression, consistent with the frustration-aggression hypothesis. Finally, the fourth goal 
was to examine these long-term associations among young adults in addition to 
adolescents, as the long-term link between video game play and aggression primarily has 
been studied among adolescents. Also, consistent with previous research that has found 
no moderating effects of gender on the link between video game play and aggression 
(Anderson et al., 2010), we hypothesized that gender would not moderate the associations 
between video game play and aggression. 
Method 
Participants. Participants were 1,132 undergraduate students (70.6% female) 
enrolled at a mid-sized university in southern Ontario, Canada, who were surveyed across 
4 consecutive years. At the first assessment, all participants were in their first year of 
university (M = 19.06 years, SD = 0.92, range of 17 to 25 years). Data on socioeconomic 
status indicated that mean levels of education for mothers and fathers fell between “some 
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college, university, or apprenticeship program” and “completed a college/apprenticeship 
and/or technical diploma.” Our sample was comprised predominantly of domestic-
Canadian students (88%), and common ethnic backgrounds of these students other than 
Canadian were British (19%), Italian (16.8%), French (9.5%), and German (9%), 
consistent with the broader demographics for the region (Statistics Canada, 2006). Of the 
international students, the majority were from Asia (36.1%), European Union (15.7%), 
the Caribbean (10.2%) and Africa (10.2%). The overall retention rate of these students 
was excellent. Out of the original 1132 students that completed the survey in Year 1, 84% 
completed the survey in at least 2 of the 4 years, and 70% of the sample was still retained 
at Year 4. This long-term retention rate is very high. There were no significant 
differences between participants who completed the survey at all four time points or at 
less than four time points on any of the study measures. As missing data were not 
dependent on the values of the study measures, it is reasonable to assume that this data is 
missing at random (Little & Rubin, 2002; Schafer & Graham, 2002). Missing data were 
estimated using the expectation maximization (EM) estimation method. One of the main 
study variables (i.e., aggressive affect) was not assessed in wave 1; therefore we only 
used variables that were assessed at waves 2, 3, and 4 (hereafter referred to as time 1, 2, 
and 3) in our analyses.  
Procedure. First-year university students from various academic disciplines were 
invited to complete a survey examining factors related to adjustment to university by way 
of posters, classroom announcements, website posting, and visits to on-campus student 
residences (wave 1). Participants were given monetary compensation for their 
participation at time 1 ($20), time 2 ($30), and time 3 ($40). At times 1, 2, and 3 all 
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students who participated in the first assessment (wave 1) were invited to participate 
again, by way of emails, posters, and classroom announcements. All assessments were 
conducted a year apart. The study was approved by the University Ethics board prior to 
survey administration at all assessments, and participants provided informed active 
consent prior to participation at each year. The survey was administered by trained 
research assistants.  
Measures. The study measures were assessed at all of the time periods with the 
exception of the third variables which were assessed at time 1 (the demographics were 
assessed at wave 1).  
Aggressive behavior. Direct aggressive behavior was assessed with four items in 
the (e.g., How often have you pushed and shoved someone during the last year?) based 
on a 5-point scale (1 = never to 5 = everyday; Marini, Spear, & Bombay, 1999). 
Cronbach’s alphas ranged from .74 to .77, and higher composite scores indicated a higher 
frequency of aggressive behavior. 
Aggressive affect. Trait-levels of aggressive affect were assessed with a 
composite of the anger (3 items; e.g., “Sometimes I feel like a powder keg ready to 
explode”) and hostility (3 items; e.g., “I wonder why sometimes I feel so bitter about 
things”) subscales of the short-form of the Buss and Perry Aggression Questionnaire 
(1992; Diamond & Magaletta, 2006; Diamond, Wang, and Buffington-Vollum, 2005), 
based on a 5-point scale (1 = very unlike me to 5 = very like me). Cronbach’s alpha was 
.87 at time 1, and .88 at time 2, with higher scores indicating higher levels of aggressive 
affect.  
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Competitive and non-violent (sports/racing) video game play. Frequency of 
playing video games that are competitive and non-violent was assessed with two items, 
by asking participants how frequently they played sports video games (e.g., FIFA Soccer) 
on an average day and how frequently they played racing video games (e.g., Gran 
Turismo) on an average day, based on a 5-point scale (1 = not at all, 2 = less than 1 hour, 
3 = 1-2 hours, 4 = 3-4 hours, l to 5 = 5 or more hours). Higher composite scores 
indicated a higher frequency of sports/racing video game play. 
Competitive and violent (action/fighting) video game play. Frequency of playing 
video games that are competitive and violent was assessed with two items, by asking 
participants how frequently they played action video games (e.g., God of War) on an 
average day and how frequently they played fighting video games (e.g., Mortal Kombat) 
on an average day, based on a 5-point scale (1 = not at all to 5 = 5 or more hours). 
Higher composite scores indicated a higher frequency of action/fighting video game play. 
Again, action/fighting video games have been shown to be rated as more violent than 
sports/racing video games, but matched in terms of ratings of competitiveness (e.g., 
Adachi & Willoughby, 2011a; Valadez & Ferguson, 2012).   
Third variables that were controlled. 
Demographics. Gender, age, born in Canada (yes/no), ethnicity other than 
Canadian (yes/no), living situation, and parental education (one item per parent, averaged 
for participants reporting on both parents, with a scale of 1 = did not finish high school to 
6 = professional degree, r = .40) were used as covariates.  
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Involvement in sports. Involvement in sports was assessed at by asking 
participants how frequently they participated in sports clubs in the previous year on a 6-
point scale (1 = never to 6 = several times a week).  
Alcohol consumption. Alcohol consumption was assessed by asking participants 
how frequently they drink on an 8-point scale (1 = never to 8 = every day; recoded to a 6-
point scale) and on average, how many drinks they consume when drinking alcohol on a 
6-point scale (1 = less than 1 drink to 6 = over 10 drinks). The correlation between these 
two items was .65. Higher composite scores indicated higher alcohol consumption. 
Online gambling. Online gambling was assessed by asking participants how 
frequently they go on the internet for online poker, sports betting, and online casinos on a 
5-point scale (1 = not at all to 5 = 5 or more hours). 
Plan of Analysis: General Overview of the Manifest and Latent Path Models 
 First, to examine the fundamental question of whether violent video game play 
(i.e., action/fighting games) and non-violent video game play (i.e., sports/racing games) 
each have unique long-term associations with aggression, we conducted an 
autoregressive cross-lagged path analysis in AMOS 22 (Arbuckle, 1995-2013), in which 
action/fighting and sports/racing video game play (manifest variables) were tested as 
competing/unique predictors of aggression (Model 1; see Figure 4a for a simplified 
example of this model). Next, to examine the long-term predictive effect of the 
commonality (e.g., competitiveness) between action/fighting and sports/racing video 
game play on aggression, we created a latent factor to represent the commonality between 
both types of video game play (i.e., the common video game play factor), and then tested 
the predictive effect of this common video game play factor on aggression (Model 2; see 
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Figure 4b for a simplified example of this model). This latent factor model allowed us to 
simultaneously test the predictive effect of the common video game play factor (e.g., 
competitiveness) on aggression, as well as the unique effects of each type of video game 
play on aggression after controlling for the common video game play factor. The 
significance levels of the unique associations between each type of video game play and 
aggression are automatically calculated and reported in the standardized residual 
covariance matrix in the statistical output. Specifically, a value that is greater than |2| for 
either of these associations would mean that the association is statistically significant at p 
< .05. These paths cannot be specified in the model due to insufficient degrees of 
freedom. 
The critical difference between these models is that there are three predictors of 
aggression in Model 2 (i.e., action/fighting video game play, sports/racing video game 
play, and the common video game play factor), and only two predictors of aggression in 
Model 1 (i.e., action/fighting video game play and sports/racing video game play). The 
unique associations between action/fighting video game play and aggression, and 
between sports/racing video game play and aggression, therefore, control for the 
predictive effect of the common video game play factor on aggression in Model 2, but not 
in Model 1. Thus, the magnitude of the unique effects of each type of video game play on 
aggression may be smaller in the Model 2 compared to Model 1, if there are strong factor 
loadings of the common video game play factor on the two video game play variables 
and a significant predictive effect of the common video game play factor on aggression. 
To further illustrate this difference between the two models, we have provided an 
example of a hypothetical model in which the path from the common video game play  
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Action/Fighting 
Video Game Play 
Aggression 
a) Model 1: The Manifest Video Game Play Variables as Predictors of Aggression
Aggression 
b) Model 2: The Common Video Game Play Latent Factor Included as a Predictor 
of Aggression 
Sports/Racing
Video Game Play 
Action/Fighting 
Video Game Play 
Sports/Racing
Video Game Play 
Common Video 
Game Play Factor
Aggression 
c) Model 3: The Latent Factor Model becomes Redundant with Model 1 if the Path 
from the Common Video Game Play Latent Factor to Aggression is Removed
Action/Fighting 
Video Game Play 
Sports/Racing
Video Game Play 
Common Video 
Game Play Factor
Notes. In Model 2, the dashed lines indicate the unique associations between action/fighting video 
game play and aggression, and between sports/racing video game play and aggression, after controlling 
for the common video game play factor. The significance levels of these associations are automatically 
calculated and reported in the standardized residual covariance matrix in the statistical output. These 
paths cannot be specified in the model due to insufficient degrees of freedom. 
See notes
 Figure 4. Examples of the Manifest and Latent Path Models 
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factor to aggression is removed (Model 3; see Figure 4c). Importantly, the effects of each 
type of video game play on aggression in Model 3 would be identical to Model 1, 
because these paths do not control for the effect of the common video game play factor 
on aggression in either model. 
Results and Discussion 
Preliminary Analyses. Table 5 outlines the means and standard deviations for the 
study variables (see Appendices T and U for the bivariate correlations between the main 
study variables. We examined mean differences in the main study variables (i.e., video 
game play, aggressive behavior, and aggressive affect) as a function of gender. A 
significant multivariate main effect was found (Wilks λ < .001, partial η2 =.38). Overall, 
males reported more aggressive behavior, aggressive affect, sports/racing video game 
play, and action/fighting video game play than females. All measures showed acceptable 
skewness and kurtosis with the exception of the video game variables, online gambling, 
living in residence and age. To address this issue of nonnormality, we used an inverse 
transformation
6
 on the time 1, time 2, and time 3 video game variables, as well as the 
online gambling, living in residence, and age variables, which brought skewness and 
kurtosis to acceptable levels for each variable. These transformed variables were used in 
the subsequent analyses. Please note that Table 5 reflects the means and standard 
deviations of the untransformed variables. 
 
 
                                                 
6
 Consistent with recommendations by Graham (2009) and Shafter and Graham (2002), 
we transformed these variables prior to imputation. 
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Table 5 
Means and Standard Deviations of the Study 3a Measures from the Young Adult Sample 
  
 
 
 
Variable Scale 
Range 
Time 1 Time 2 Time 3 
 M (SD) M (SD)  M (SD) 
 
Aggressive behavior 
 
1-5 
 
 1.74 (0.56) 
 
1.59 (0.52) 
 
1.53 (0.48) 
Sports/racing video game 
play 
1-5   1.22 (0.43)   1.17 (0.38)  1.16 (0.36) 
Action/fighting video game 
play 
1-5   1.16 (0.38)   1.13 (0.34)  1.12 (0.32) 
Aggressive affect 1-5   2.24 (0.73)   2.19 (0.73)  
Age  19 years, 1 month 
Parental education 1-6 3.65 (1.27) 
 
Gender 1-2 70.6% female 
Alcohol consumption 1-6 3.75 (1.14)   
Online gambling 1-5 1.12 (0.35)   
Born in Canada 1-2  1.12 (0.32)   
Ethnicity 1-2 1.36 (0.48)   
Living in residence 1-2 1.95 (0.22)   
Involvement in sports 1-6 2.24 (1.79)   
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The long-term bidirectional (cross-lagged) associations between aggressive 
behavior and action/fighting video game play, and between aggressive behavior and 
sports/racing video game play, among young adults. In order to simultaneously assess 
the long-term bidirectional (cross-lagged) associations between aggression and 
sports/racing video game play, and between aggression and action/fighting video game 
play, we created a 3-time period (time 1 to time 3) autoregressive cross-lagged model in 
which bidirectional (cross-lagged) paths (i.e., paths from earlier video game play to later 
aggression as well as paths from earlier aggression to later video game play) were 
estimated across each adjacent time period (i.e., over 1-year time periods) between 
sports/racing video game play and aggression, and between action/fighting video game 
play and aggression. Stability paths across each time period within each variable also 
were specified, as well as covariances among the variables within each time point to 
control for common method variance. Because we were not interested in the longitudinal 
associations between the two types of video game play, we did not include bidirectional 
paths between the action/fighting and sports/racing variables. 
We first assessed whether the pattern of results was invariant across time. 
Invariance was tested by comparing a model in which all cross-lagged paths were 
constrained to be equal across time to the unconstrained model in which all structural 
paths were free to vary. The chi-square difference test of relative fit indicated that the 
unconstrained model was not a significantly better fit than the constrained model, 
suggesting that the patterns of associations among the measures were consistent across 
the three time points, p > .05. As the constrained model was the most parsimonious 
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model, all further interpretations were based on the constrained model. Model fit was 
adequate, χ2(14) = 86.19 p < .001, CFI = .98, RMSEA = .068 (.054 - .082).   
In terms of socialization effects, sports/racing video game play at time 1 predicted 
higher levels of aggressive behavior at time 2 (β = .08, 95% CI [.04, .12], p < .001), and 
sports/racing video game play at time 2 predicted higher levels of aggressive behavior at 
time 3 (β = .07, 95% CI [.03, .11], p < .001), after controlling for previous levels of 
aggressive behavior and action/fighting video game play. Similarly, action/fighting video 
game play at time 1 predicted higher levels of aggressive behavior at time 2 (β = .05, 
95% CI [.01, .08], p = .01), and action/fighting video game play at time 2 predicted 
higher levels of aggressive behavior at time 3 (β = .04, 95% CI [.01, .07], p = .01), after 
controlling for previous levels of aggressive behavior and sports/racing video game play. 
In terms of selection effects, aggressive behavior at time 1 predicted higher levels of 
sports/racing video game play at time 2 (β = .10, 95% CI [.07, .14], p < .001), and 
aggressive behavior at time 2 predicted higher levels of sports/racing video game play at 
time 3 (β = .11, CI [.07, .15], p < .001), after controlling for previous levels of 
sports/racing video game play. In addition, aggressive behavior at time 1 predicted higher 
levels of action/fighting video game play at time 2 (β = .08, 95% CI [.05, .12], p < .001), 
and aggressive behavior at time 2 predicted higher levels of action/fighting video game 
play at time 3 (β = .09, 95% CI [.05, .13], p < .001), after controlling for previous levels 
of action/fighting video game play.  
 We then tested whether the magnitude of the socialization and selection effects 
between aggression and sport/racing video game play were significantly different from 
the magnitude of the socialization and selection effects between aggression and 
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action/fighting video game play. Specifically, we compared a model in which the paths 
testing the effects of sports/racing video game play and action/fighting video game play 
on aggression over time were constrained to be equal, and the paths testing the effects of 
aggression on sports/racing video game play and on action/fighting video game play over 
time were constrained to be equal to the model in which these paths were unconstrained. 
The chi-square difference test of relative fit indicated that the constrained and 
unconstrained models did not significantly differ (p > .05). Hence, the socialization and 
selection effects between aggression and sport/racing video game play, and between 
aggression and action/fighting video game play, did not differ in magnitude, suggesting 
that violent video game play and non-violent video game play each had unique 
longitudinal associations with aggression, which were similar in size. Figure 5 
summarizes the significant path estimates.  
The long-term bidirectional (cross-lagged) associations between aggressive 
behavior and action/fighting video game play, and between aggressive behavior and 
sports/racing video game play, when adding third variables. Next, we tested whether 
the long-term bidirectional (cross-lagged) associations between aggression and 
sports/racing video game play, and between aggression and action/fighting video game 
play, were robust after controlling for the third variables (i.e.,  gender, parental education, 
age, born in Canada, ethnicity other than Canadian, living situation, alcohol consumption, 
involvement in sports, and online gambling). The bidirectional associations between 
aggression and sports/racing video game play, and between aggression and 
action/fighting video game play remained significant even after controlling for all of the 
third variables (see Figure 6).  
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Sports/Racing
Video Game 
Play Time 1
Sports/Racing
Video Game 
Play Time 2
Sports/Racing
Video Game 
Play Time 3
Aggressive 
Behavior 
Time 1
Aggressive
Behavior 
Time 2
Aggressive
Behavior 
Time 3
.07*** .06***
.09*** .09***
Action/Fighting
Video Game 
Play Time 1
Action/Fighting
Video Game 
Play Time 2
Action/Fighting
Video Game 
Play Time 3
.06***
.10*** .11***
.05***
.46*** .56***
.35*** .51***
.67*** .47***
 
 Notes. Not shown are covariances among variables within each time point. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for covariances and 95% CIs 
for standardized coefficients can be obtained from the first author.  
 
Figure 5. Final model results for young adults for analysis assessing the long-term 
bidirectional associations between sports/racing video game play and aggressive 
behavior, and between action/fighting video game play and aggressive behavior.  
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Sports/Racing
Video Game 
Play Time 1
Sports/Racing
Video Game 
Play Time 2
Sports/Racing
Video Game 
Play Time 3
Aggressive 
Behavior 
Time 1
Aggressive
Behavior 
Time 2
Aggressive
Behavior 
Time 3
Gender
Parental education
Age
.04** .04**
.05** .05**
Action/Fighting
Video Game 
Play Time 1
Action/Fighting
Video Game 
Play Time 2
Action/Fighting
Video Game 
Play Time 3
.03**
.05** .06**
Living situation
Other ethnicity
Born in Canada
Online gambling
Alcohol use
Involvement in sports
.03**
.36*** .50***
.32*** .49***
.63*** .43***
 
Notes. Third variables are indicated with dashed lines. Not shown are covariances among 
variables within each time point or paths related to third variables. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for third variables, 
covariances, and 95% CIs for standardized coefficients can be obtained from the first 
author. 
 
Figure 6. Final model results for young adults for analysis assessing the long-term 
bidirectional associations between sports/racing video game play and aggressive 
behavior, and between action/fighting video game play and aggressive behavior, 
controlling for the third variables. 
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Aggressive affect as an underlying mechanism of the long-term predictive 
effect of action/fighting video game play and sports/racing video game play on 
aggressive behavior among young adults. To examine whether sports/racing video 
game play and action/fighting video game play indirectly predicted aggressive behavior 
through aggressive affect, we added aggressive affect at time 1 and time 2 to the model. 
Paths were estimated from sports/racing video game play and action/fighting video game 
play at time 1 to aggressive affect at time 2, and from aggressive affect at time 2 to 
aggressive behavior at time 3, while simultaneously controlling for time 1 aggressive 
affect, time 1 and time 2 aggressive behavior, as well as all of the third variables. 
Because we specifically were interested in examining whether aggressive affect was a 
mechanism through which competitive video game play predicted elevations in 
aggressive behavior over time, sports/racing video game play and action/fighting video 
game play at time 2 and time 3 were not pertinent to this analysis, so we removed these 
variables from the model. In addition, given that AMOS only provides results for total 
indirect effects (i.e., AMOS does not provide separate results for multiple indirect effects 
when more than one mechanism is included in a model), we could not include more than 
one mechanism (i.e., time 2 aggressive affect) in the model. Thus, we removed the paths 
from the time 1 video game play variables to time 2 aggressive behavior. The total 
indirect effects of the time 1 video game play variables on time 3 aggressive behavior, 
therefore, pertained only to the mechanism of time 2 aggressive affect. Importantly, 
removing the paths from the time 1 video game play variables to time 2 aggressive 
behavior did not alter the effects of each type of video game play on time 2 aggressive 
affect. Model fit was good, χ2(5)= 23.14, p < .001, CFI = 1.00, RMSEA = .057 (.035 - 
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.081). Time 1 sports/racing video game play (β = .08, 95% CIs [.01, .15], p = .021) and 
time 1 action/fighting video game play (β = .08, 95% CIs [.01, .15], p = .020) each 
uniquely predicted higher levels of time 2 aggressive affect after controlling for previous 
levels of aggressive affect and the third variables, and, in turn, time 2 aggressive affect 
predicted higher levels of time 3 aggressive behavior (β = .07, 95% CIs [.01, .13], p = 
.004) after controlling for previous levels of aggressive behavior and the third variables.  
We then tested whether the predictive effects of sport/racing video game play and 
action/fighting video game play on aggressive affect were significantly different by 
constraining these paths to be equal and then comparing this model to a model in which 
these paths were not constrained to be equal. The chi-square difference test of relative fit 
indicated that the constrained and unconstrained models did not significantly differ (p > 
.05). Thus, the magnitude of the predictive effect of sports/racing video game play on 
aggressive affect did not significantly differ from the predictive effect of action/fighting 
video game play on aggressive affect, suggesting that competitive video games that are 
violent have the same longitudinal associations with aggression as competitive video 
games that are non-violent, and thus both types of video game play may share this 
common underlying mechanism. Figure 7 summarizes the significant path estimates.  
Given these significant direct predictive effects, we assessed the indirect 
predictive effects of time 1 sports/racing video game play on time 3 aggressive behavior 
through time 2 aggressive affect, and of time 1 action/fighting video game play on time 3 
aggressive behavior through time 2 aggressive affect. Using bias-corrected bootstrapping 
(bootstrap samples = 2,000), we found a significant indirect predictive effects for  
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Sports/Racing
Video Game 
Play Time 1
Aggressive 
Behavior 
Time 1
Aggressive
Behavior 
Time 2
Aggressive
Behavior 
Time 3
Gender
Parental education
Age
.07***
.07**
.03*
.08***
Action/Fighting
Video Game 
Play Time 1
Living situation
Other ethnicity
Born in Canada
Online gambling
Alcohol use
Involvement in sports
.52***
.63*** .44***
Aggressive 
Affect
Time 1
Aggressive 
Affect
Time 2
 
Notes. Third variables are indicated with dashed lines. Not shown are covariances among 
variables within each time point or paths related to third variables. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for third variables, 
covariances, and 95% CIs for standardized coefficients can be obtained from the first 
author. 
 
Figure 7. Final model results for young adults for analysis assessing the indirect 
predictive effects of sports/racing video game play as well as action/fighting video game 
play on aggressive behavior through aggressive affect, controlling for the third variables. 
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sports/racing video game play β = .01, 95% CI [.001, .013], p = .006 as well as for 
action/fighting video game play β = .01, 95% CI [.001, .013], p = .006. Thus, the results 
provide support for an indirect mediation model (MacKinnon, Fairchild, & Fritz, 2007; 
Zhao, Lynch, & Chen, 2010) in which playing sports/racing video game play or 
action/fighting video game play uniquely predicted higher aggressive affect, and in turn, 
aggressive affect predicted higher aggressive behavior.  
The long-term bidirectional (cross-lagged) association between the 
commonality among action/fighting and sports/racing video game play (i.e., the 
latent factor), and aggressive behavior, among young adults. In order to 
simultaneously assess the long-term bidirectional (cross-lagged) association between 
aggression and the commonality (e.g., competitiveness) among action/fighting and 
sports/racing video game play, we modified the 3-time period (time 1 to time 3) 
autoregressive cross-lagged model (see Figure 8) by creating a latent factor (i.e., the 
common video game play factor) to represent the commonality between the two types of 
video game play at each time point. Bidirectional paths were estimated across each 
adjacent time period between the common video game play factor and aggression. Model 
fit was excellent, χ2(13) = 17.65 p = .171, CFI = 1.00, RMSEA = .018 (.000 - .037). All 
factor loadings were significant at p < .001. In terms of socialization effects, the common 
video game play factor at time 1 predicted higher levels of aggressive behavior at time 2, 
and the common video game play factor at time 2 predicted higher levels of aggressive 
behavior at time 3, after controlling for previous levels of aggressive behavior. In terms 
of selection effects, aggressive behavior at time 1 predicted higher levels of the common  
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Common 
Video Game Play 
Factor Time 3
Common 
Video Game Play 
Factor Time 2
Aggressive 
Behavior 
Time 1
Aggressive
Behavior 
Time 2
Aggressive
Behavior 
Time 3
.15*** .12***
Common 
Video Game Play 
Factor Time 1
.10*** .11***
.53*** .50***
.66*** .48***
Action/Fighting 
Video Game Play
Time 1 
Sports/Racing
Video Game Play
Time 1 
Action/Fighting 
Video Game Play
Time 2 
Sports/Racing
Video Game Play 
Time 2
Action/Fighting 
Video Game Play
Time 3 
Sports/Racing
Video Game Play
Time 3 
.81*** .70*** .83*** .65*** .80*** .62***
 
Notes. Not shown are covariances among variables within each time point. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for covariances and 95% CIs 
for standardized coefficients can be obtained from the first author. The significance levels 
for the unique associations between action/fighting video game play and aggression, and 
between sports/racing video game play and aggression, after controlling for the common 
video game play factor, were automatically calculated and reported in the standardized 
residual covariance matrix in the statistical output. These paths were not specified in the 
model due to insufficient degrees of freedom. 
 
Figure 8. Final model results for young adults for analysis assessing the long-term 
bidirectional associations between the common video game play factor and aggressive 
behavior, between sports/racing video game play and aggressive behavior, and between 
action/fighting video game play and aggressive behavior.  
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video game play factor at time 2, and aggressive behavior at time 2 predicted higher 
levels of the common video game play factor at time 3, after controlling for previous 
levels of the common video game play factor. Figure 8 summarizes the significant path 
estimates.  
In contrast, the unique longitudinal associations between action/fighting video 
game play and aggression, and between sports/racing video game play and aggression 
were not significant (ps > .05; the significance levels of these associations were 
automatically calculated and reported in the standardized residual covariance matrix in 
the statistical output) after controlling for the association between the common video 
game play factor and aggression, and for previous levels of aggression. Consistent with 
the previous models, the pattern of results did not differ when adding the third variables 
into the model, so the more parsimonious model without the third variables is presented. 
Aggressive affect as an underlying mechanism of the long-term predictive 
effect of the commonality among action/fighting and sports/racing video game play 
(i.e., the latent factor) on aggressive behavior among young adults. To examine 
whether the commonality among action/fighting and sports/racing video game play 
indirectly predicted aggressive behavior through aggressive affect, we modified the 
indirect effects model (see Figure 9) by including the common video game play factor at 
time 1 as a predictor of aggressive affect at time 2. Model fit was good, χ2(7)= 39.90, p < 
.001, CFI = .99, RMSEA = .06 (.046 - .085). The time 1 common video game factor 
predicted higher levels of time 2 aggressive affect after controlling for previous levels of 
aggressive affect, and, in turn, time 2 aggressive affect predicted higher levels of time 3  
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Time 1
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Time 3
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 Notes. Not shown are covariances among variables within each time point. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for covariances and 95% CIs 
for standardized coefficients can be obtained from the first author. The significance levels 
for the unique associations between action/fighting video game play and aggressive 
affect, and between sports/racing video game play and aggressive affect, after controlling 
for the common video game play factor, were automatically calculated and reported in 
the standardized residual covariance matrix in the statistical output. These paths were not 
specified in the model due to insufficient degrees of freedom. 
 
Figure 9. Final model results for young adults for analysis assessing the indirect 
predictive effects of the common video game play factor, sports/racing video game play, 
as well as action/fighting video game play on aggressive behavior through aggressive 
affect. 
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aggressive behavior after controlling for previous levels of aggressive behavior. Figure 9 
summarizes the significant path estimates. 
Given these significant direct predictive effects, we assessed the indirect 
predictive effects of the common video game play factor on time 3 aggressive behavior 
through time 2 aggressive affect. Using bias-corrected bootstrapping (bootstrap samples 
= 2,000), we found a significant indirect predictive effect for the common video game 
play factor β = .01, 95% CI [.001, .013], p = .006. Thus, the results provide support for an 
indirect mediation model (MacKinnon, Fairchild, & Fritz, 2007; Zhao, Lynch, & Chen, 
2010) in which the common video game play variable uniquely predicted higher 
aggressive affect, and in turn, aggressive affect predicted higher aggressive behavior.  
In contrast, the unique predictive effects of action/fighting video game play and 
sports/racing video game play on aggressive affect were not significant (ps > .05; the 
significance levels of these associations were automatically calculated and reported in the 
standardized residual covariance matrix in the statistical output) after controlling for the 
effect of the common video game play factor on aggressive affect, and for previous levels 
of aggressive affect. Consistent with the previous models, the pattern of results did not 
differ when adding the third variables into the model, so the more parsimonious model 
without the third variables is presented. 
Gender as a moderator. Gender also was included as a moderator in each 
analysis and as predicted there were no significant differences in the pattern of findings 
as a function of gender (ps >.05 in χ2diff tests between constrained and unconstrained 
models).   
Study 3b 
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In Study 3b we conducted a secondary longitudinal analysis of adolescents to 
address two main goals. First, we examined whether violent video game play (i.e., 
action/fighting games) and non-violent video game play (i.e., sports/racing games) each 
had unique long-term associations with aggression, and then compared the magnitude of 
these associations during this earlier developmental period. Second, we examined the 
long-term predictive effect of the commonality (e.g., competitiveness) between 
action/fighting video game play and sports/racing video game play on aggression. We re-
analyzed data from Study 2 (Adachi and Willoughby, 2013a) in which a long-term 
bidirectional association between sports/racing video game play and aggression was 
demonstrated when action/fighting video game play was not directly included in the 
model. Consistent with longitudinal research demonstrating effects of action/fighting 
(violent) video game play on aggression (Willoughby et al., 2012), and recent research 
demonstrating effects of non-violent video games on aggression (e.g., Adachi & 
Willoughby, 2011b, 2013a, Breuer et al., 2013; Przybylski et al., 2014), we hypothesized 
that both sports/racing (non-violent) video game play as well as action/fighting (violent) 
video game play would be uniquely associated with aggression over time, and that the 
magnitude of these predictive effects would not significantly differ. In addition, we 
hypothesized that the commonality (e.g., competitiveness) among the two types of video 
game play would predict higher levels of aggression over time. Again, we did not have 
specific hypotheses regarding whether action/fighting video game play or sports/racing 
video game play would be uniquely associated with aggression after controlling for the 
predictive effect of their commonality on aggression. Also, consistent with previous 
research that has found no moderating effects of gender on the link between video game 
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play and aggression (Anderson et al., 2010), we hypothesized that gender would not 
moderate the associations between video game play and aggression. 
Method 
Participants. Students (N = 1,492; 50.8% female) from eight high schools 
encompassing a school district in Ontario, Canada took part in the study in grades 9, 10, 
11, and 12 (M age in grade 9 = 13 years,10 months). This study was part of a larger 
cohort-sequential project. In the larger study, surveys were completed five times between 
2003 and 2008, with some students starting the study in 2003 and others starting the 
study in 2004. The analyses for the present study are based on the cohort of students who 
entered the study in Grade 9 in 2004 and completed the survey in Grades 9, 10, 11, and 
12. The overall participation rate ranged from 83% to 86% across the four time points; 
nonparticipation was due to student absenteeism (average of 13.5%), parental refusal 
(average of .06%), or student refusal (average of 1.4%). Student absenteeism from class 
was due to illness, a co-op placement, a free period, or involvement in another school 
activity. Consistent with the broader Canadian population (Statistics Canada, 2001), 
92.4% of the participants were born in Canada and the most common ethnic backgrounds 
reported other than Canadian were Italian (31%), French (18%), British (15%), and 
German (12%). Data on socioeconomic status indicated mean levels of education for 
mothers and fathers falling between “some college, university or apprenticeship 
program” and “completed a college/ apprenticeship/technical diploma.” Furthermore, 
70% of the respondents reported living with both birth parents, 12% with one birth parent 
and a stepparent, 15% with one birth parent (mother or father only), and the remainder 
with other guardians (e.g., other relatives, foster parents, etc.). As missing data were not 
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dependent on the values of the study measures, it is reasonable to assume that this data is 
missing at random (Little & Rubin, 2002; Schafer & Graham, 2002). Missing data were 
estimated using the expectation maximization (EM) estimation method (see Adachi & 
Willoughby, 2013a for more information regarding the sample). Participants’ frequency 
of video game play was not assessed in grade 9 or 10; therefore we used variables that 
were assessed in grades 11 and 12 in our analyses. 
Procedure. Active informed assent was obtained from the adolescent 
participants. Parents were provided with written correspondence mailed to each student’s 
home prior to the survey administration outlining the study; this letter indicated that 
parents could request that their adolescent not participate in the study. An automated 
phone message about the study also was left at each student’s home phone number. This 
procedure was approved by the participating school board and the University Research 
Ethics Board. At all time periods, the questionnaire was administered to students in 
classrooms by trained research staff. Students were informed that their responses were 
completely confidential.  
 Measures. The study measures were assessed at all of the time periods with the 
exception of the demographics and the third variables which were assessed in grade 11.  
Aggressive behavior. Direct aggressive behavior was assessed with four items in 
the (e.g., How often have you pushed and shoved someone during the last year?) based 
on a 5-point scale (1 = never to 5 = everyday; Marini, Spear, & Bombay, 1999). 
Cronbach’s alphas > .85, and higher composite scores indicated a higher frequency of 
aggressive behavior. 
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Competitive and non-violent (sports/racing) video game play. Frequency of 
playing video games that are competitive and non-violent was assessed with two items, 
by asking participants how frequently they played sports video games (e.g., FIFA Soccer) 
on an average day and how frequently they played racing video games (e.g., Gran 
Turismo) on an average day, based on a 5-point scale (1 = not at all to 5 = 5 or more 
hours). Higher composite scores indicated a higher frequency of sports/racing video 
game play. 
Competitive and violent (action/fighting) video game play. Frequency of playing 
video games that are competitive and violent was assessed with two items, by asking 
participants how frequently they played action video games (e.g., God of War) on an 
average day and how frequently they played fighting video games (e.g., Mortal Kombat) 
on an average day, based on a 5-point scale (1 = not at all to 5 = 5 or more hours).  
Higher composite scores indicated a higher frequency of action/fighting video game play. 
Please note that in Study 2 we did not include these frequency variables of action/fighting 
video game play in the models, but instead we created a dichotomous moderator variable 
which assessed whether participants played action/fighting video games (yes/no) during 
any of the 4 high school years. Again, action/fighting video games have been shown to be 
rated as more violent than sports/racing video games, but matched in terms of ratings of 
competitiveness (e.g., Adachi & Willoughby, 2011a; Valadez & Ferguson, 2012).   
Third variables that were controlled. 
Demographics. Gender, number of computers in the home, born in Canada 
(yes/no), ethnicity other than Canadian (yes/no), and parental education (one item per 
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parent, averaged for participants reporting on both parents, with a scale of 1 = did not 
finish high school to 6 = professional degree, r = .40) were used as covariates.  
Involvement in sports. Involvement in sports was measured with two items (“How 
often in the last month have you played organized sports in school?” and “How often in 
the last month have you played organized sports outside of school?”), based on a 5-point 
scale (1 = never to 5 = every day). The correlation between the two items was .50. Higher 
composite scores indicated higher frequency of involvement in sports. 
Results and Discussion 
Preliminary analyses. Table 6 outlines the means and standard deviations for the 
study variables. We examined mean differences in the main study variables (i.e., video 
game play and aggressive behavior) as a function of gender. A significant multivariate 
main effect was found (Wilks λ < .001, partial η2 =.40). Overall, males reported more 
aggressive behavior, sports/racing video game play and action fighting video game play 
than females. All measures showed acceptable skewness and kurtosis with the exception 
of the video game variables. To address this issue of nonnormality, we used a log10
7
 
transformation on the grade 11 and grade 12 video game variables in the adolescent 
sample, which brought skewness and kurtosis to acceptable levels.  These transformed 
variables were used in the subsequent analyses. Please note that Table 6 reflects the 
means and standard deviations of the untransformed variables. 
The long-term bidirectional (cross-lagged) association between video game 
play and aggressive behavior among adolescents. In order to simultaneously assess the  
                                                 
7
 Consistent with recommendations by Graham (2009) and Shafter and Graham (2002), 
we transformed these variables prior to imputation. 
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Table 6  
Means and Standard Deviations of the Study 3b Measures from the Adolescent Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable Scale 
Range 
Grade 11 Grade 12 
 M (SD) M (SD) 
 
Aggressive behavior 
 
1-5 
 
1.97 (0.89) 
 
1.97 (0.95) 
 
Sports/racing video game play 
 
1-5 
 
1.22 (0.43) 
 
1.17 (0.38) 
 
Action/fighting video game play 
 
1-5 
 
1.16 (0.38) 
 
1.13 (0.34) 
 
Gender 
 
1-2 
 
50.8% female 
  
Parental education 1-6 3.27 (1.03) 
 
3.09 (.091) 
 
# of computers in home 
 
 
   
Involvement in sports 1-5 3.79 (1.19) 
 
Born in Canada 
 
1-2 
 
1.07 (.25) 
 
Ethnicity 
 
1-2 
 
1.15 (.36) 
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long-term bidirectional (cross-lagged) associations between sports/racing video game 
play and aggression, and between action/fighting video game play and aggression, among 
adolescents, we re-analyzed data from Adachi and Willoughby (2013a) in which a long-
term bidirectional association between sports/racing video game play and aggression was 
demonstrated when action/fighting video game play was not directly included in the 
model. Specifically, we created a 2-time point autoregressive cross-lagged model in 
which paths were estimated from sports/racing video game play and action/fighting video 
game play in grade 11 to aggression in grade 12, and from aggression in grade 11 to 
sports/racing video game play and action/fighting video game play in grade 12. Stability 
paths within each variable also were specified, as well as covariances among the 
variables within each grade to control for common method variance. Because we were 
not interested in the longitudinal associations between the two types of video game play, 
we did not include bidirectional paths between the action/fighting and sports/racing 
variables. Model fit was adequate, χ2(2) = 31.59 p < .001, CFI = .99, RMSEA = .100 
(.071 - .132).   
In terms of socialization effects, sports/racing video game play in grade 11 
predicted higher levels of aggressive behavior in grade 12 (β = .09, 95% CIs [.04, .14], p 
= .006) after controlling for aggressive behavior and action/fighting video game play in 
grade 11. Similarly, action/fighting video game play in grade 11 predicted higher levels 
of aggressive behavior in grade 12 (β = .08, 95% CIs [.03, .13], p = .017) after controlling 
for aggressive behavior and sports/racing video game play in grade 11. We also found 
evidence of selection effects, as aggressive behavior in grade 11 predicted higher levels 
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of sports/racing video game play in grade 12 (β = .08, 95% CIs [.04, .12], p < .001) after 
controlling for sports/racing video game play in grade 11.  
We then tested whether the socialization and selection effects between aggression 
and sports/racing video game play significantly differed in magnitude from the effects  
between aggression and action/fighting video game play (see Figure 10). Specifically, we 
compared a model in which the paths testing the effects of sports/racing video game play 
and action/fighting video game play on aggression over time were constrained to be 
equal, and the paths testing the effects of aggression on sports/racing video game play 
and on action/fighting video game play over time were constrained to be equal to the 
model in which these paths were unconstrained. The chi-square difference test of relative 
fit indicated that the constrained and unconstrained models did not significantly differ (p 
> .05). Similar to our analysis of young adults, therefore, the socialization and selection 
effects between aggression and sport/racing video game play, and between aggression 
and action/fighting video game play, did not differ in magnitude, suggesting that violent 
video game play and non-violent video game play each had unique longitudinal 
associations with aggression, which were similar in size. Figure 10 summarizes the 
significant path estimates.  
The long-term bidirectional (cross-lagged) association between video game 
play and aggressive behavior among adolescents when adding third variables. Next, 
we tested whether the associations between aggression and sports/racing video game 
play, and between aggression and action/fighting video game play were robust after 
controlling for the third variables (i.e., gender, parental education, number of computers 
in the home, born in Canada, ethnicity other than Canadian, and involvement in sports in  
142 
 
 
Sports/Racing
Video Game 
Play Grade 11
Sports/Racing
Video Game 
Play Grade 12
Aggressive
Behavior 
Grade 11
Aggressive
Behavior 
Grade 12
.08***
.07***
Action/Fighting
Video Game 
Play Grade 11
Action/Fighting
Video Game 
Play Grade 12
.05***
.09***
.74***
.56***
.54***
 
Notes. Not shown are covariances among variables within each time point. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for covariances and 95% CIs 
for standardized coefficients can be obtained from the first author. 
 
Figure 10. Final model results for adolescents for analysis assessing the long-term 
bidirectional associations between sports/racing video game play and aggressive 
behavior, and between action/fighting video game play and aggressive behavior.  
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Gender
Parental education
# of computers 
in the home
Other ethnicity
Born in Canada
Involvement in sports
Sports/Racing
Video Game 
Play Grade 11
Sports/Racing
Video Game 
Play Grade 12
Aggressive
Behavior 
Grade 11
Aggressive
Behavior 
Grade 12
.05***
.04*
Action/Fighting
Video Game 
Play Grade 11
Action/Fighting
Video Game 
Play Grade 12
.03*
.06***
.64***
.43***
.62***
 
Notes. Third variables are indicated with dashed lines. Not shown are covariances among 
variables within each time point or paths related to third variables. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for third variables, 
covariances, and 95% CIs for standardized coefficients can be obtained from the first 
author. 
 
Figure 11. Final model results for adolescents for analysis assessing the long-term 
bidirectional associations between sports/racing video game play and aggressive 
behavior, and between action/fighting video game play and aggressive behavior, 
controlling for the third variables. 
 
 
144 
 
grade 11). The bidirectional associations between aggression and sports/racing video 
game play, and between aggression and action/fighting video game play remained 
significant even after controlling for all of the third variables, as well as stability in 
aggression (see Figure 11). 
The long-term bidirectional (cross-lagged) association between the 
commonality among action/fighting and sports/racing video game play (i.e., the  
latent factor), and aggressive behavior. In order to simultaneously assess the long-term 
bidirectional (cross-lagged) association between aggression and the commonality (e.g., 
competitiveness) among action/fighting and sports/racing video game play, we modified 
the 2-time period autoregressive cross-lagged model by creating a latent factor to 
represent the commonality between the two types of video game play at each time point 
(i.e., the common video game play factor). Bidirectional paths were estimated across each 
adjacent grade between the latent factor and aggression. Model fit was adequate, χ2(3) = 
38.56, p < .001, CFI = .99, RMSEA = .089 (.065 - .115). All factor loadings were 
significant at p < .001. In terms of socialization effects, the grade 11 common video game 
play factor predicted higher levels of aggressive behavior in grade 12, after controlling 
for previous levels of aggressive behavior. In terms of selection effects, grade 11 
aggressive behavior predicted higher levels of the grade 12 common video game play 
factor, after controlling for previous levels of the common video game play factor. Figure 
12 summarizes the significant path estimates.  
In contrast, the unique longitudinal associations between action/fighting video 
game play and aggression, and between sports/racing video game play and aggression 
were not significant (ps > .05; the significance levels of these associations were  
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Common 
Video Game Play 
Factor Grade 12
Aggressive 
Behavior 
Grade 11
Aggressive
Behavior 
Grade 12
.29***
Common 
Video Game Play 
Factor Grade 11
.10***
.78***
.57***
Action/Fighting 
Video Game Play
Grade 11 
Sports/Racing
Video Game Play
Grade 11 
Action/Fighting 
Video Game Play
Grade 12
Sports/Racing
Video Game Play 
Grade 12
.73*** .57*** .67*** .60***
 
Notes. Not shown are covariances among variables within each time point. Standardized 
coefficients are reported. *<.05, **<.01, ***<.001. Results for covariances and 95% CIs 
for standardized coefficients can be obtained from the first author. The significance levels 
for the unique associations between action/fighting video game play and aggression, and 
between sports/racing video game play and aggression, after controlling for the common 
video game play factor, were automatically calculated and reported in the standardized 
residual covariance matrix in the statistical output. These paths were not specified in the 
model due to insufficient degrees of freedom. 
 
Figure 12. Final model results for adolescents for analysis assessing the long-term 
bidirectional associations between the common video game play factor and aggressive 
behavior, between sports/racing video game play and aggressive behavior, and between 
action/fighting video game play and aggressive behavior.  
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automatically calculated and reported in the standardized residual covariance matrix in 
the statistical output) after controlling for the association between the common video 
game play factor and aggression, and for previous levels of aggression. Consistent with 
the previous models, the pattern of results did not differ when adding the third variables 
into the model, so the more parsimonious model without the third variables is presented. 
Gender as a moderator. Gender also was included as a moderator in each 
analysis and as predicted there were no significant differences in the pattern of findings 
as a function of gender (ps >.05 in χ2diff tests between constrained and unconstrained 
models).   
General Discussion 
To date, the majority of research on the link between video game play and 
aggression has been focused on the violent content in games (e.g., see meta-analytic 
reviews by Anderson et al., 2010; Ferguson, in press; Greitemeyer & Mügge, 2014); 
however, recent research also has demonstrated effects of non-violent video game play on 
aggression (e.g., Adachi & Willoughby, 2011b; 2013a; Breuer, Scharkow, & Quandt, 
2013; Przybylski, Deci, Rigby, & Ryan, 2014). In addition, researchers recently have 
demonstrated a link between video game competition and aggression, representing an 
important new direction in the video game and aggression literature (e.g., Adachi & 
Willoughby, 2011a, 2011b, 2013a; Breuer et al., 2013; Schmierbach, 2010). Longitudinal 
research on this topic is still in its infancy, however, and thus represents an exciting new 
area for discovery. Overall, the current research makes several important contributions to 
our understanding of the long-term association between video game play and aggression.  
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First, we addressed the fundamental question of whether violent video game play 
(i.e., action/fighting games) and non-violent video game play (i.e., sports/racing games) 
each have unique long-term associations with aggression. We found that action/fighting 
and sports/racing video game play each were uniquely associated with aggression over 
time among both young adults and adolescents, and that these associations did not differ 
in magnitude. Thus, these findings suggest that the long-term link between video game 
play and aggression is not limited to violent video games.   
Second, we were interested in investigating the longitudinal association between 
video game competition and aggression. Given that past research has shown that 
action/fighting video games are more violent than sports/racing video games, but are 
matched in terms of competitiveness (e.g., Adachi & Willoughby, 2011b; Valadez & 
Ferguson, 2013), we examined the long-term predictive effect of the commonality (e.g., 
competitiveness) between action/fighting video game play and sports/racing video game 
play on aggression. In other words, by modeling the commonality between sports/racing 
video game play and action/fighting video game play in a latent video game play factor, 
we were able to separate the common elements (e.g., competitiveness) of these different 
types of video game play from the unique elements (e.g., violence in action/fighting 
games), and then examine the predictive effects of both the common elements and the 
unique elements on aggression over time. Importantly, we found that the commonality 
between the two types of video game play (i.e., the common video game play factor) was 
significantly associated with aggression over time among both young adults and 
adolescents. Thus, we hypothesized that the tendency toward video game competitiveness 
was at least partially, if not fully responsible for the effect of the common video game 
148 
 
play factor on aggression. In contrast, there were no significant unique associations 
between aggression and action/fighting video game play, and between aggression and 
sports/racing video game play, after controlling for the association between the common 
video game play factor and aggression. This finding suggests that the commonality 
between the two types of video game play is a more robust longitudinal predictor of 
aggression than the unique elements of each type of video game play (e.g., violence in 
action/fighting video games). Furthermore, this finding is consistent with an emerging 
literature on the link between competitive video game play and aggression (e.g., Adachi 
& Willoughby, 2011b, 2013a; Breuer, Scharkow, & Quandt, 2013; Schmierbach, 2010).  
Third, we examined whether aggressive affect (i.e., anger and hostility) is an 
underlying mechanism of the long-term link between video game play and aggression. In 
our initial model which did not include the common video game play factor as a predictor 
of aggressive affect, we found that action/fighting and sports/racing video game play 
each uniquely predicted aggressive behavior through aggressive affect over time, 
suggesting that both violent and non-violent video game play may share this common 
mechanism. Furthermore, after including the common video game play factor into the 
model, we found that the common video game play factor significantly predicted 
aggressive behavior through aggressive affect over time, whereas neither action/fighting 
video game play or sports/racing video game play uniquely predicted aggressive affect. 
This finding suggests that aggressive affect may be an underlying mechanism of the 
predictive effect of the commonality between action/fighting and sports/racing video 
game play (e.g., competitiveness) on aggressive behavior, consistent with the frustration-
aggression hypothesis. 
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It also is important to note that in addition to socialization effects (i.e., the 
predictive effect of the common video game play factor on aggression), we also found 
evidence of selection effects (e.g., the predictive effect of aggression on the common 
video game play factor). A possible explanation for why more aggressive adolescents and 
young adults may be more attracted to the common elements of action/fighting and 
sports/racing video games, such as competition, than less aggressive adolescents and 
young adults concerns how competitive situations are conceptualized. According to 
Anderson and Morrow (1995), competitive situations often are thought of as aggressive. 
For example, the goal of inflicting physical or psychological harm to an opponent in 
sports games and debates might be normative among competitors, as they often are 
encouraged to “demolish, destroy, or blow away their opponents” (Anderson & Morrow, 
1995, p. 1021). Furthermore, Anderson and Morrow argue that as competitive situations 
occur early in life, the conceptualization of competitive situations as aggressive may 
occur at an early age. More aggressive adolescents and young adults, therefore, may self 
select into competitive situations to a greater degree than less aggressive adolescents and 
young adults.   
Given that people can discern reality from fantasy at an early age and that this 
ability continues to improve over time (Ferguson & Dyck, 2012), it makes sense that 
video game competition may be a more robust long-term predictor of aggression than 
other fictional elements of video games, because video game competition involves the 
real threat of losing to an opponent. Indeed, the main goal of competitive video games 
(both violent and non-violent) is to win the competition (e.g., to win the violent shooting 
battle or to win the non-violent race) against either real opponents (i.e., a human 
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opponent) or fantasy opponents (i.e., a computer-generated opponent). Competitive video 
games, therefore, involve the real threat of losing to an opponent, and this real threat of 
intentional goal thwarting may trigger feelings of anger and hostility, and, in turn, 
aggressive behavior.  
In addition, the present findings have important developmental implications for 
the long-term link between video game play and aggression. Specifically, we are the first 
to demonstrate that video game play has a long-term association with aggressive behavior 
among young adults, not just adolescents. This finding is consistent with the notion that 
young adults sometimes may have difficulty regulating their arousal due in part to the 
ongoing maturation of the prefrontal cortex (Giedd, 2008; Steinberg, 2010), and thus may 
be susceptible to the effects of competitive video game play on aggression, similar to 
adolescents. Long-term predictive effects of video games on aggression, therefore, are 
not limited to earlier periods of development. This is an important finding considering the 
high prevalence of video game play among young adults (Lenhart, 2008).  
Links with a Motivational Theory of Aggression 
 While the current study was grounded in the frustration-aggression hypothesis 
(Dollard et al., 1939; Berkowtiz, 1989), the findings also are consistent with a prominent 
theory of human motivation, Self-Determination Theory (SDT; Deci & Ryan, 2000; Ryan 
& Deci, 2000), which has been applied to the link between video game play and 
aggression. SDT focuses primarily on the extent to which social contexts satisfy three 
universal human needs: competence (sense of efficacy), autonomy (personal agency), and 
relatedness (social connectedness). According to SDT, the satisfaction of these needs 
facilitates optimal functioning, intrinsic motivation, and well-being. In contrast, the 
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impedance (or threat of impedance) of these needs undermines intrinsic motivation and 
may promote human aggression (e.g., Ryan, Deci, Grolnick, & La Guardia, 2006; Ryan 
& Grolnick, 1986; Weinstein, Hodgins, & Ostvik-White, 2011). 
 Recently, researchers have applied an SDT-based approach to study the effect of 
video game play on aggression (see Pryzbylski, Rigby, & Ryan, 2010). Przybylski et al. 
(2014) demonstrated that competence impedance in video games produced elevations in 
aggressive thoughts, feelings, and behavior using both experimental and correlational 
methodology. For example, they found that more difficult video games impeded 
participants’ competence satisfaction to a greater degree compared to less difficult video 
games, and, in turn, competence impedance predicted higher levels of aggression. 
Furthermore, violent content was not found to be a significant predictor of motivational 
or aggressive outcomes in these studies, suggesting that human need 
satisfaction/thwarting, but not violent content, had robust associations with attitudes and 
behaviour.  
An SDT-based approach also could be applied to the link between competitive 
video game play and aggression. While the frustration-aggression hypothesis suggests 
that the impedance (or the threat of impedance) of one’s goal of winning a video game 
competition may influence aggressive affect, and, in turn, aggressive behavior 
(Berkowitz, 1989), an SDT-based approach predicts that the critical impedance is at the 
fundamental level of need satisfaction (e.g., competence need impedance), which, in turn, 
may elevate aggression (Przybylski et al., 2014).  
Directions for Future Research 
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The common video game play factor in our analyses represents the commonality 
between action/fighting and sports/racing video game play. As previously discussed, 
competitiveness is a common element of these games. Furthermore, research has 
demonstrated an association between competitive video game play and aggression (e.g., 
Adachi & Willoughby, 2011b, 2013; Breuer et al., 2013; Schmierbach, 2010). Thus, we 
hypothesized that the tendency toward video game competitiveness was at least partially, 
if not fully responsible for the effect of the common video game play factor on 
aggression. Yet, it is important to note that there may be other common elements between 
these two types of video game play that contribute to this effect. For example, researchers 
have found that action/fighting and sports/racing video game play also tend to be similar 
in terms of their pace of action (e.g., Adachi & Willoughby, 2011b; Valadez & Ferguson, 
2013). It is less clear whether the pace of action in these games would contribute to this 
effect, however, given that recent research has failed to find a short-term effect of pace of 
action on aggression (Elson, Breuer, Van  Looy, Kneer, & Quandt, 2013). In addition, the 
common video game play factor also may include personality elements such as surgency 
or sensation-seeking, which may contribute to the effect on aggression. Furthermore, the 
common video game play factor may tap into the extent to which individuals play a lot of 
video games in general (i.e., being a “gamer”). Specifically, individuals who frequently 
play a lot of video games in general likely would play both action/fighting and 
sports/racing video games frequently. Thus, it may be the high frequency of video game 
play in general that predicts aggression over time. However, given that previous research 
has failed to find a significant long-term link between the frequency of video game play 
in general and aggression (e.g., Willoughby et al., 2012), it is unclear whether being a 
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gamer is associated with aggression over time. Future research should aim to tease apart 
the specific common elements between action/fighting and sports/racing video game 
play, therefore, and elucidate which common elements are associated with aggression. 
In addition, it is important to note that aggressive affect may not be the only long-
term mechanism through which the commonality between action/fighting and 
sports/racing video game play predicts aggression over time. For example, competition 
may activate networks of aggressive thoughts through aggressive cues, such as the 
perception of threat, consistent with Berkowitz’s (1990) cognitive neoassociation model 
(Adachi & Willoughby, 2013a). Furthermore, repeated exposure to competitive situations 
that result in aggressive outcomes may strengthen associative links between competition 
and aggression (Anderson & Carnagey 2009; Anderson & Morrow 1995), which, in turn, 
may make competitive video game players more likely to react aggressively to 
competitive experiences in general. Thus, cognitive routes such as aggressive perceptual 
and expectation schemata, also should be examined. To date, researchers (e.g., Anderson 
et al., 2007; Möller & Krahé, 2009) who have examined cognitive mechanisms 
(normative beliefs about aggression and hostile attribution bias) of the longitudinal link 
between video game play and aggression measured these potential mechanisms and 
aggression (the outcome variable) concurrently, and thus it is not clear whether cognitive 
mechanisms predict aggression over time.  
 There also are developmental questions regarding the link between video game 
play and aggression that should be addressed by future research. Specifically, after 
demonstrating a long-term predictive effect of video game play on aggression among 
adolescents and young adults, researchers should investigate whether these long-term 
154 
 
effects also are present during later developmental periods. For example, a large-scale 
study of American adults revealed that 60% of adults aged 30 to 49 years reported 
playing video games (Lenhart et al., 2008). It is unclear, however, whether video game 
play is associated with aggression among adults, as video game and aggression research 
with this older age group is scarce. Specifically, young adults may be more likely to 
behave aggressively after playing a video game than adults, due in part to the Dual 
Systems Model’s hypothesis that young adults’ sometimes may have greater difficulty in 
regulating their arousal in comparison to adults (Giedd, 2008; Steinberg, 2010).   
 In contrast, the link between video game play and aggression may be similar 
among adults, young adults, and adolescents, as researchers suggest that in the presence 
of strong emotions or high arousal, adults also engage in risky behaviors (e.g., 
Willoughby, Good, Adachi, Hamza, & Tavernier, 2013). For example, similar to the dual 
systems model (Steinberg, 2007;2008), the dual process models of decision making, 
which have been studied extensively with adult populations in the fields of 
social/cognitive psychology and behavioral economics (e.g., Evans & Stanovich, 2013; 
Hofmann, Friese, & Strack, 2009; Kahneman, 2011; Slovic, Finucane, Peters, & 
MacGregor, 2002; Strack & Deutsch, 2004), posit that there is a fast, intuitive, automatic 
system, which often is reliant on affect and current emotions for making decisions 
(‘‘system 1’’), versus a slow, controlled, and reflective system (‘‘system 2’’). 
Importantly, researchers have shown that adults also engage in many errors of judgment 
and choice and that system 1 often is the source of many of these errors (e.g., Kahneman, 
2011; Slovic et al., 2002). Because video game play may elevate levels of aggressive 
affect such as anger and hostility, playing video games may activate adults’ system 1, 
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making them more likely to act on their aggressive impulses. Future research would 
benefit from direct tests of these questions by examining whether the long-term link 
between video game play and aggression differs between young adults and adults, as well 
as by conducting longitudinal studies over a longer time span (e.g., from childhood to 
adulthood). 
Limitations  
An important limitation of the present research stems from the reliance on self-
report measures. Reports of video game use and aggression would benefit from 
corroboration from other informants (e.g., friends). It is not clear, however, whether 
anyone other than the young adult can provide an accurate assessment of their video 
game use given that much of the activity may be conducted alone. Importantly, however, 
we specified covariances among all of the variables within each time period in both 
models, thus accounting for common method variance. Nonetheless, the inclusion of peer 
assessment may be a key factor in increasing our knowledge of how often young adults 
play video games with friends and peers. 
 In addition, the structural paths that were significant in the autoregressive path 
analyses were small in magnitude. However, considering that aggressive affect and 
aggressive behavior were highly stable over time, controlling for these stability effects 
removed a large portion of variance in the aggressive affect and aggressive behavior 
outcome variables that was shared with the video game play predictor variables, and thus 
small predictive effects of change in levels of these variables were expected (Adachi & 
Willoughby, 2014). Indeed, these effect sizes are common in longitudinal models when 
controlling for stability between adjacent time points of data and accounting for 
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concurrent associations among variables within each time point
8
 (e.g., Adachi & 
Willoughby, 2013a, 2013b, 2013c). Moreover, effect sizes often are smaller when there is 
considerable time between measurements (i.e., a year) versus shorter lags in time (e.g., a 
month). We may expect larger effects in future longitudinal research that employs shorter 
durations between measurements.  
Another possible concern may be that, because a few sports and racing games 
might contain some aggressive content, it may be this aggressive content, rather than the 
competitive content, that was associated with aggression in the present research. 
However, we think this is unlikely given that previous research has demonstrated that 
competitive gambling activities also have a significant long-term association with 
aggression that is similar in magnitude to competitive video game play, even though 
gambling does not involve any violence or aggression (Adachi & Willoughby, 2013a). In 
addition, our findings are consistent with an experiment that demonstrated that it was the 
competitive content rather than the violent content that influenced aggression (Adachi & 
Willoughby, 2011a).  
Also, although the types of video game play (action/fighting and sports/racing 
games) assessed in our study have been shown to be matched in terms of competitiveness 
but different in terms of violence (e.g., Adachi & Willoughby, 2011b; Valadez & 
Ferguson, 2013), our measures did not explicitly assess participants’ ratings of the 
competitiveness and violence in these games. Future research could add to our findings 
                                                 
8
 It is important to note that we are not suggesting that small effects in autoregressive 
models are always important. The importance of these effects should be assessed 
individually on a case by case basis (see Adachi & Willoughby, 2014). 
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by having participants rate sports/racing and action/fighting video game genres in terms 
of violence and competitiveness, in addition to measuring frequency of play, in order to 
examine whether ratings of competitiveness and violence have unique long-term 
associations with aggression.  
In addition, it is important to note that if the indicators of a latent factor are highly 
correlated (e.g., r > .80) , then there will be minimal residual variance in the indicators 
(e.g., action/fighting and sports/racing video game play) that could be associated with 
other variables in the model (e.g., aggression). However, given that the correlations 
between the indicators of the common video game play factor (i.e., sports/racing and 
action/fighting video game play) ranged from .35 to .57 in the current studies, the 
potential issue of minimal residual variance in the indicators is less of a concern. Finally, 
the present studies used samples of North American university students and high school 
students, and thus findings may not generalize to other geographic regions, including 
those with differing ethnic and/or demographic populations. 
Conclusion 
 Overall, the present research represents an important advance in our 
understanding of the long-term link between video game play and aggression. First, we 
demonstrated that violent video game play (action/fighting games) and non-violent video 
game play (sports/racing games) each have similar long-term associations with 
aggression. Next, we found a long-term predictive effect of the common video game play 
factor (e.g., competitiveness) on aggression. Importantly, the unique associations between 
aggression and action/fighting video game play, and between aggression and 
sports/racing video game play, were no longer significant after controlling for the 
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association between aggression and the common video game play factor. In addition, we 
elucidated that aggressive affect is an underlying mechanism of this link, consistent with 
the frustration-aggression hypothesis. The current findings also have important 
developmental implications, as we are the first to find evidence of these long-term 
associations among young adults in addition to adolescents. The long-term predictive 
effect of video game play on aggressive behavior, therefore, is not limited to earlier 
periods of development. In addition, the fact that we had three time points of longitudinal 
data of young adults and two time points of longitudinal data of adolescents is an 
important strength of the current research, as it allowed us to examine the bidirectional 
associations between video game play and aggressive behavior over the long-term. 
Ultimately, our findings suggest that researchers should continue to critically examine 
elements of video game play, beyond the violent content, that are associated with 
aggression.  
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Chapter 5: General Discussion and Conclusions 
Over the past two decades, research on the association between video game play 
and aggression primarily has been focused on the violent content in games (see Anderson 
et al., 2010; Ferguson, in press; Greitemeyer & Mügge, 2014 for meta-analytic reviews of 
this work; but also see Adachi & Willoughby, 2011a; Ferguson & Kilburn, 2010; 
Ferguson, 2013 for critiques of this work). In recent critiques of this literature, however, 
researchers have drawn attention to an important confound in studies on the link between 
violent video game play and aggression. Specifically, violent video games in general tend 
to be more competitive than non-violent games (Carnagey & Anderson, 2005), yet video 
game competition has not been controlled in the vast majority of violent video game and 
aggression studies (see Adachi & Willoughby, 2011a). Thus, it is unclear whether video 
game violence or competition has a more robust association with aggression. The primary 
goal of the current dissertation research, therefore, was to address this confound by 
examining the link between competitive video game play and aggression. Taken together, 
my three dissertation studies significantly advance our understanding of the association 
between video game play and aggression among adolescents and young adults 
In Study 1, I systematically matched video games on violence and 
competitiveness, in order to examine the short-term effects of video game violence versus 
competition on aggression among young adults. I found that video game violence was not 
sufficient to elevate aggressive behavior compared to a non-violent video game that was 
matched in terms of competition, and that more competitive video games produced 
greater levels of aggressive behavior, irrespective of the amount of violence in the games. 
These findings suggest that video game competition, rather than violence, may be the 
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main video game characteristic that impacts aggressive behavior in the short-term among 
young adults. 
After demonstrating a short-term effect of video game competition on aggression 
among young adults in Study 1, I then examined the long-term associations between 
aggression and competitive/non-violent video game play (i.e., sports/racing games), and 
between aggression and competitive gambling among adolescents in Study 2. I found 
evidence of a long-term bidirectional association between aggression and competitive 
video game play, and between aggression and competitive gambling. Specifically, greater 
competitive video game play and competitive gambling each uniquely predicted higher 
levels of aggression over time, after controlling for previous levels of aggression, 
supporting the socialization hypothesis. The selection hypothesis also was supported, as 
aggression predicted greater competitive video game play and competitive gambling over 
time, after controlling for previous competitive video game play and competitive 
gambling. In contrast, there was no significant association between aggression and non-
competitive video game play, or between aggression and non-competitive gambling. 
Overall, these findings suggest that competitive activities in general may predict 
aggression over time among adolescents. 
In Study 3, I then built upon the finding of a long-term association between 
competitive/non-violent video game play (sports/racing games) and adolescent 
aggression in Study 2, by examining this association among young adults and by 
including competitive/violent (action/fighting video game play) in the model as a 
predictor of aggression. Specifically, I found that action/fighting (violent) video game 
play as well as sports/racing (non-violent) video game play were each uniquely 
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associated with aggression over time among young adults as well as adolescents, and that 
these associations did not differ in magnitude. This finding suggests that violent video 
game play and non-violent video game play each have unique long-term associations 
with aggression, which are similar in size.  
Second, given that past research has shown that action/fighting video games and 
sports/racing video games are matched in terms of competitiveness (e.g., Adachi & 
Willoughby, 2011b; Valadez & Ferguson, 2013), I examined the long-term predictive 
effect of the commonality (e.g., competitiveness) between action/fighting video game 
play and sports/racing video game play on aggression. Importantly, I found that the 
commonality between the two types of video game play (i.e., the common video game 
play factor) was significantly associated with aggression over time among young adults 
and adolescents. In contrast, there were no significant unique associations between 
aggression and action/fighting video game play, and between aggression and 
sports/racing video game play, after controlling for the association between the common 
video game play factor and aggression. This finding suggests that the commonality 
between the two types of video game play (e.g., competitiveness) is a more robust 
longitudinal predictor of aggression than the unique elements of each type of video game 
play (e.g., violence in action/fighting video games). Furthermore, aggressive affect was 
an underlying mechanism of this long-term association among young adults, consistent 
with the frustration-aggression hypothesis. Study 3 also has important developmental 
implications, as this is the first study to find evidence of a long-term association between 
video game play and aggression among young adults.  
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Overall, the findings from my three dissertation studies are consistent with the 
frustration-aggression hypothesis (e.g., Dollard, Miller, Doob, Mowrer, & Sears,1939; 
Berkowitz 1989). Specifically, the deliberate blocking of the players’ goals of winning 
the competition by their opponents in competitive video games may predict elevations in 
aggressive affect (anger and hostility), which, in turn, may predict elevations in 
aggressive behavior. In Study 3, we found direct support for this hypothesis, such that 
aggressive affect was an underlying mechanism of the long-term predictive effect of 
competitive video game play on aggressive behavior among young adults. The current 
findings also are consistent with SDT (e.g., Deci & Ryan, 2000; Ryan & Deci, 2000), 
which suggests that the critical blockage during competitive video game play may be at 
the fundamental level of need satisfaction (Przybylski, Deci, Rigby, & Ryan, 2014). 
Specifically, the deliberate blocking of players’ goals of winning the competition may 
impede the satisfaction of their need for competence, which, in turn, may predict higher 
elevations in aggressive behavior. 
In addition, it is important to clarify that my interpretation of the dissertation 
results as suggesting that video game competition, rather than violence, may be driving 
the association between video game play and aggression, was not intended to imply 
mediation (i.e., that competition explains the link between video game play and 
aggression), but instead to imply that competition may be the specific element of the 
predictor (video game play) that is linked with aggression. The key distinction, therefore, 
is between the terms “driving” versus “explaining.” Specifically, whereas video game 
competitiveness, rather than violence, may be driving the association between video 
game play (violent or non-violent video games) and aggression, aggressive affect may 
175 
 
explain the link between video game competitiveness and aggression, given that 
aggressive affect was shown to be an underlying mechanism of this long-term association 
(Study 3b).  
Implications 
My dissertation research has important implications for the video game and 
aggression literature. Specifically, while the majority of research on the link between 
video game play and aggression has been focused on the violent content in games (e.g., 
see Anderson et al., 2010), the current findings suggest that the competition in video 
games, not the violence, may have a more robust association with aggression among 
adolescents and young adults. This finding represents a novel direction for research in 
this field, and should encourage researchers to continue to investigate aspects of video 
game play that may be associated with aggression, beyond the violent content in games.  
In addition, the current research has important developmental implications for the 
long-term link between video game play and aggression. This is the first research to 
demonstrate that playing competitive video games has a long-term association with 
aggressive behavior among young adults. This finding suggests that the long-term 
predictive effects of video games on aggression are not limited to earlier periods of 
development such as childhood and adolescence. Furthermore, evidence of a long-term 
link between video game play and aggression among young adults may suggest that 
young adults sometimes may have difficulty regulating the aggressive affect that is 
associated with competitive video game play, which may be due in part to the ongoing 
maturation of the prefrontal cortex as hypothesized by the Dual Systems model of 
adolescent brain development (Giedd, 2008; Steinberg, 2010).  
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It also is important to investigate these long-term associations among older age 
groups. For example, 60% of American adults aged 30 to 49 years reported playing video 
games (Lenhart, Jones, & Macgill, 2008). Yet, research on the link between video game 
and aggression during this later period of developmental period is scarce. For example, 
adults sometimes may be better able to regulate their aggressive affect than young adults, 
due in part to the Dual Systems Model’s hypothesis that adults may have a more mature 
prefrontal cortex than adolescents or young adults on average (Giedd, 2008; Steinberg, 
2010). Adults, therefore, may be less likely to behave aggressively after playing a 
competitive video game than young adults. 
 In contrast, the link between competitive video game play and aggression may be 
similar among adults, young adults, and adolescents, as researchers have suggested that 
in the presence of strong emotions or high arousal, adults also engage in risky behaviors 
(e.g., Willoughby, Good, Adachi, Hamza, & Tavernier, 2013). Specifically, the dual 
process models of decision making, which have been studied extensively with adult 
populations in the fields of social/cognitive psychology and behavioral economics (e.g., 
Evans & Stanovich, 2013; Hofmann, Friese, & Strack, 2009; Kahneman, 2011; Slovic, 
Finucane, Peters, & MacGregor, 2002; Strack & Deutsch, 2004), posit that there is a fast, 
intuitive, automatic system, which often is reliant on affect and current emotions for 
making decisions (‘‘system 1’’), versus a slow, controlled, and reflective system 
(‘‘system 2’’). Importantly, researchers have shown that adults engage in many errors of 
judgment and choice and that system 1 often is the source of many of these errors (e.g., 
Kahneman, 2011; Slovic et al., 2002). Thus, elevations in adults’ aggressive affect that is 
associated with competitive video game play may activate adults’ system 1, which, in 
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turn, may facilitate the transition of this aggressive affect into aggressive behavior. In the 
future researchers should test these questions by comparing the long-term link between 
competitive video game play and aggression between young adults and adults, as well as 
by conducting longitudinal studies over a longer time span (e.g., from childhood to 
adulthood).  
My dissertation research also has practical implications for social policy and 
intervention efforts to reduce aggression, which is particularly important given the 
current public concern about the effects of video games on aggression (e.g., Parents 
Television Council). For example, the current research may encourage vigilance among 
researchers when making statements regarding the link between video game violence and 
aggression to inform public policy (see Ferguson, 2013). In addition, this research helps 
to elucidate the specific elements of video game play that elevate aggression, which could 
inform intervention efforts such as the rating system used to determine the age groups for 
which video games are appropriate. 
Yet, while the present research suggests that video game competition is associated 
with aggression in both the short- and long-term, it is important to note that there also 
may be many positive aspects related to competition in video games. For example, 
research has shown that there are elements of competition that are important for intrinsic 
motivation (e.g., Frederick-Recascino & Schuster-Smith, 2003; Reeve & Deci, 1996). In 
addition, there may be significant learning opportunities in competitive situations for 
developing emotion regulation, or becoming a gracious winner or loser. Thus, research 
on the effects of video game competition should not be restricted to aggressive outcomes, 
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but also should investigate positive outcomes (see Adachi & Willoughby, 2012; Granic, 
Lobel, & Engels, 2014 for discussions of positive effects of video game play).  
Directions for Future Research 
In the future, researchers should continue to investigate potential mechanisms of 
the link between competitive video game play and aggression. For example, consistent 
with SDT (e.g., Deci & Ryan, 2000; Ryan & Deci, 2000), the impedance of basic human 
needs (i.e., competence, autonomy, relatedness) may be a fundamental mechanism of the 
link between competitive video game play and aggression. Specifically, having players’ 
goals of winning a video game competition deliberately blocked by their opponents may 
impede players’ satisfaction of their need for competence, which, in turn, may predict 
higher levels of aggression. Thus, future research should examine whether competence 
impedance is an underlying mechanism of this association in both the short- and long-
term. 
In addition to studying underlying mechanisms of the link between competitive 
video game play and aggression, it is also important to investigate potential moderators of 
this association, such as adolescent temperament. For example, temperamental surgency 
is positively related to impulsivity, high activity levels, and high intensity pleasure, and is 
negatively related to shyness (Rothbart, Ahadi, Hershey, & Fisher, 2001). Furthermore, 
researchers have shown that surgency is positively associated with aggression among 
children (e.g., Berdian, Keane, & Calkins, 2008; Dollar & Stifter, 2012) and adolescents 
(e.g., Reker, 2010). Adolescents high in surgency, therefore, may experience more 
intense elevations in aggressive affect from competitive video game play and they may 
be more likely to act impulsively on these aggressive feelings than adolescents lower in 
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surgency. Thus, the link between competitive video game play and aggression may be 
stronger for adolescents higher in surgency than for adolescents lower in surgency. 
Future research is needed to examine this potential moderator.       
Another important direction for future research is to examine the link between 
video game play and other forms of aggression. To date, video game research has focused 
mainly on traditional forms of physical and verbal aggression. In contrast, there is a 
dearth of research examining the link between video game play and cyber aggression, 
which refers to aggressive behavior through forms communication technology such as 
email, social networking sites, and instant messaging programs (Pornari & Wood, 2010; 
Wright & Li, 2013). The study of cyber aggression is critical, however, as the 
consequences of cyber aggression can be devastating for the victims (e.g., Mesch, 2009). 
For example, cyber aggression may be a quick and easy way to behave aggressively 
because it removes much of the trepidation associated with face-to-face physical and 
verbal aggression, such as the risk of immediate retaliation (Hinduja & Patchin, 2009; 
Wright & Li, 2013). In addition, given that cyber aggression often is anonymous and the 
aggressor usually cannot see the negative reaction of the victim, cyber aggressors may be 
more uninhibited in their aggression compared to face-to-face aggressors, resulting in 
particularly harsh acts of cyber aggression (Juvonen & Graham, 2014; Mesch, 2009). 
Furthermore, hurtful messages sent online can quickly spread to a large number of people 
beyond the target of the aggression (e.g., Juvonen & Graham, 2014). Taken together, 
these aspects of cyber aggression suggest that it can have devastating consequences for 
the victim, and thus elucidating predictors of cyber aggression is critical. Given that 
online video game play often provides players with platforms to communicate with other 
180 
 
players either verbally or through text, competitive video game play may be an important 
predictor of cyber aggression. 
In addition, although the majority of the video game and aggression research to 
date has been focused on game content (e.g., violence), researchers recently have begun 
to examine video game context effects (Gentile, 2011), such as playing games 
competitively against other people. For example, Schmierbach (2010) found that 
compared to playing a violent video game solo (i.e., playing alone against computer-
generated opponents), playing competitively against another participant led to higher 
aggressive cognition scores, whereas playing cooperatively with another participant led 
to lower aggressive cognition scores. In addition, Breuer, Scharkow, and Quandt (2013) 
found that participants who lost a non-violent video game competition against another 
player behaved more aggressively than participants who won. Furthermore, they found 
that this effect was mediated by elevations in aggressive affect, consistent with the 
frustration-aggression hypothesis (also see Jerabeck & Ferguson, 2013; Greitemeyer & 
Cox, 2013 for examples of studies examining cooperative video game context effects). 
Given that over a quarter of American adolescents play video games online with other 
people (Lenhart et al., 2008), it is important to further examine competitive video game 
context effects on aggression. For example, researchers should investigate why 
competing in video games against human opponents has a stronger effect on aggression 
than competing against computer-generated opponents. For example, competing against 
human opponents versus computer-generated opponents may induce greater ego threat 
among players, which, in turn, may predict higher levels of aggression.  
Limitations 
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My dissertation work is not without limitations. For example, although I found a 
short-term effect of video game competition, rather than violence on aggression in Study 
1, I used a small number of games (e.g., 2 highly competitive and highly violent games, 1 
highly competitive and non-violent game, etc.). Thus, it is not clear whether these effects 
can be generalized to all competitive video games or whether there was something 
specific about the games used in Study 1, other than the competition, which was 
associated with aggression. Future research with a range of competitive and non-
competitive video games is needed to further demonstrate the generalizability of this 
effect.  
An important limitation of the correlational research in Study 2 and Study 3 stems 
from the reliance on self-report measures. Reports of video game use and aggression 
would benefit from corroboration from other informants (e.g., friends). It is not clear, 
however, whether anyone other than the young adult can provide an accurate assessment 
of their video game use given that much of the activity may be conducted alone. 
Importantly, however, we specified covariances among all of the variables within each 
time period in both models, thus accounting for common method variance. Nonetheless, 
the inclusion of peer assessment may be a key factor in increasing our knowledge of how 
often young adults play video games with friends and peers. 
 In addition, the structural paths that were significant in the autoregressive path 
analyses in Study 2 and Study 3 were small in magnitude. However, considering that 
aggressive affect and aggressive behavior were highly stable over time, controlling for 
these stability effects removed a large portion of variance in the aggressive affect and 
aggressive behavior outcomes variables that was shared with the video game play 
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predictor variables, and thus small predictive effects of change in levels of these variables 
were expected (Adachi & Willoughby, 2014). Indeed, these effect sizes are common in 
longitudinal models when controlling for stability between adjacent time points of data 
and accounting for concurrent associations among variables within each time point
9
 (e.g., 
Adachi & Willoughby, 2013a, 2013b, 2013c). Moreover, effect sizes often are smaller 
when there is considerable time between measurements (i.e., a year) versus shorter lags in 
time (e.g., a month). We may expect larger effects in future longitudinal research that 
employs shorter durations between measurements.  
Another possible concern with Study 2 and Study 3 may involve the measures of 
playing video games that are competitive and non-violent (sports and racing games). 
Specifically, because a few sports and racing games might contain some aggressive 
content, it may be this aggressive content, rather than the competitive content, that was 
associated with aggression in the present research. However, I think this is unlikely given 
that previous research has demonstrated that competitive gambling activities also have a 
significant long-term association with aggression that was similar in magnitude to 
competitive video game play, even though gambling does not involve any violence or 
aggression (Adachi & Willoughby, 2013a).  
In addition, although the types of violent video game play (action/fighting games) 
and non-violent video game play (sports/racing games) assessed in Study 3 have been 
shown to be matched in terms of competitiveness but different in terms of violence (e.g., 
                                                 
9
 It is important to note that we are not suggesting that small effects in autoregressive 
models are always important. The importance of these effects should be assessed 
individually on a case by case basis (see Adachi & Willoughby, 2014). 
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Adachi & Willoughby, 2011b; Valadez & Ferguson, 2013), our measures did not 
explicitly assess participants’ ratings of the competitiveness and violence in these games. 
Future research could extend our findings by having participants rate sports/racing and 
action/fighting video game genres in terms of violence and competitiveness, in addition 
to measuring frequency of play, in order to examine whether ratings of competitiveness 
and violence have unique long-term associations with aggression. Finally, the three 
dissertations studies used samples of North American university students and high school 
students, and thus the findings may not generalize to other geographic regions, including 
those with differing ethnic and/or demographic populations. 
Strengths and Conclusion 
Overall, my dissertation research significantly advances our understanding of the 
long-term link between video game play and aggression among adolescents and young 
adults. Importantly, the current findings consistently demonstrate that video game 
competition, rather than violence, is a more robust predictor of aggression in the short 
and long term. These findings represent a novel direction for research in this field. My 
dissertation work also has important developmental implications, as Study 3 provides the 
first evidence of a long-term association between video game play and aggression among 
young adults in addition to adolescents. The long-term predictive effect of competitive 
video game play on aggressive behavior, therefore, is not limited to earlier periods of 
development.  
An important strength of Study 1 is that I conducted pilot studies to systematically 
match video games on violence and competition, in order to isolate the effects of violent 
and competitive content on aggression. In addition, the fact that I had access to four time 
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points of longitudinal data of adolescents and three time points of longitudinal data of 
young adults is an important strength of Study 2 and Study 3, as it allowed me to examine 
the bidirectional associations between competitive video game play and aggressive 
behavior over the long-term. Taken together, the findings from my three dissertation 
studies suggest that instead of “nailing the coffin shut on doubts that violent video games 
stimulate aggression” (e.g., Huesmann, 2010, p.179), researchers should continue to 
critically examine aspects of video games that may be associated with aggression, beyond 
the violence.  
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APPENDIX D 
Demographic Questionnaire (Study 1) 
 
Demographic Questionnaire 
Participant ID:  
 
Sex (please circle one):    Male       Female        Age: _______ 
 
The following questions focus on your video game experience. 
 
1. On the average WEEKDAY in the past six months, how many hours do you spend 
playing the following kinds of video/computer games?  
 
Sports (e.g. FIFA soccer 2009, NHL 2009) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Strategy (e.g. Splinter Cell, Rainbow 6) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Role-playing (e.g. World of Warcraft, Final Fantasy) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Puzzles (e.g., Tetris, Solitaire) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Action (e.g. God of War 2, Grand Theft Auto 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
First-person Shooters (e.g. Halo, Call of Duty 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Racing (e.g. Gran Turismo 4, NASCAR) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Fighting (e.g. Mortal Kombat, Tekken 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
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Adventure (e.g. Harry Potter, Myst III) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Quiz/Board games (e.g. Monopoly, Risk) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
 
2. On the average WEEKEND in the past six months, how many hours to you spend 
playing the following kinds of video/computer games?  
 
Sports (e.g. FIFA soccer 2009, NHL 2009) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Strategy (e.g. Splinter Cell, Rainbow 6) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Role-playing (e.g. World of Warcraft, Final Fantasy) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Puzzles (e.g. Tetris, Solitaire) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Action (e.g. God of War 2, Grand Theft Auto 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
First-person Shooters (e.g. Halo, Call of Duty 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Racing (e.g. Gran Turismo 4, NASCAR) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
Fighting (e.g. Mortal Kombat, Tekken 4) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
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Adventure (e.g. Harry Potter, Myst III) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
 
Quiz/Board games (e.g. Monopoly, Risk) 
1 2 3 4 5 
Not at all Less than 1 
hour 
1-2 hours 3-4 hours 5 or more hours 
 
 
3.  How many year(s) have you played the following kinds of games? 
 
Sports (e.g. FIFA soccer 2009, NHL 2009)       _____ year(s) 
Strategy (e.g. Splinter Cell, Rainbow 6)           _____ year(s) 
Role-playing (e.g. World of Warcraft, Final Fantasy)       _____ year(s) 
Puzzles (e.g. Tetris, Solitaire)                           _____ year(s) 
Action (e.g. God of War 2, Grand Theft Auto 4)       _____ year(s) 
First-person Shooters (e.g. Halo, Call of Duty 4)       _____ year(s) 
Racing (e.g. Gran Turismo 4, NASCAR)    _____ year(s)   
  
Fighting (e.g. Mortal Kombat, Tekken 4)     _____ year(s) 
Adventure (e.g. Harry Potter, Myst III)        _____ year(s) 
Quiz/Board games (e.g. Monopoly, Risk)            _____ year(s) 
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APPENDIX E 
Ratings of Video Game Characteristics (Study 1) 
Qualities of the Video Game Experience 
Participant ID: 
 
Without considering how much experience you have with this video game (pretend 
this was your first time playing this game)…  
 
How was the pace of the action? 
1 2   3   4 5 6 7 
Very 
slow 
Slow Somewhat 
slow 
Medium Somewhat 
fast 
Fast Very 
fast 
 
How difficult was the game? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How violent was the game? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
To what extent did this video game involve competition (i.e., fighting or racing against 
opponents)? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
To what extent did you view the other characters in the game as opponents? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
To what extent did you feel like you were competing with your opponents (i.e., in a battle 
or in a race)? 
1 2   3   4 5 6 7 
Very  
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
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When you lost or failed, how close were you to winning or succeeding? 
1 2   3   4 5 6 7 
Very  
far 
Far Somewhat  
far 
Medium Somewhat 
close 
Close Very 
Close 
 
How much confidence did you have that you would win or succeed? 
1 2   3   4 5 6 7 
Very  
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How competitive was this video game? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How hard were you trying to win the game/match/contest? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How intense was the competition? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How frustrated were you when you failed or lost? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How frustrated were you when you succeeded or won? 
1 2   3   4 5 6 7 
Very  
low 
 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
How angry were you when you failed or lost? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
 
How angry were you when you succeeded or won? 
1 2   3   4 5 6 7 
Very 
low 
Low Somewhat 
low 
Medium Somewhat 
high 
High Very 
high 
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APPENDIX F 
Food Preference Questionnaire (Study 1) 
How much do you LIKE the following kinds of foods? 
Sweet 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
Savory 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
Spicy 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
Hot 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
Bland 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
Salty 
1 2 3 4 5 
Not at all Somewhat Neither like nor 
dislike 
Very much Extremely 
 
 
 
 
 
 
 
 
 
201 
 
APPENDIX G 
Suspiciousness Questionnaire (Study 1) 
The next few questions focus on your perception of the study. 
 
What do you think was the purpose of this study? 
 
 
 
Did anyone tell you about this study before you came today?  If so, what did they say? 
 
 
 
Did you think anything you were told in the experiment was deceptive?  If so, what do 
you think was deceptive? 
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APPENDIX H 
Buss and Perry (1992) Trait Aggression Questionnaire (Study 1) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STRONGLY 
DISAGREE DISAGREE NEUTRAL AGREE 
STRONGLY 
AGREE 
Some of my friends think I am a hothead……………………………………… ….….. ….….. ….….. ….….. ….….. 
If I have to resort to violence to protect my rights, I will……………………….                       ….….. ….….. ….….. ….….. ….….. 
When people are especially nice to me, I wonder what they want…………..            ….….. ….….. ….….. ….….. ….….. 
I tell my friends openly when I disagree with them……………………………..                               ….….. ….….. ….….. ….….. ….….. 
I have become so mad that I have broken things……......…………………….                                 ….….. ….….. ….….. ….….. ….….. 
I can’t help getting into arguments when people disagree with me………….  ….….. ….….. ….….. ….….. ….….. 
I wonder why sometimes I feel so bitter about things………………………. ….….. ….….. ….….. ….….. ….….. 
Once in a while, I can’t control the urge to strike another person……………  ….….. ….….. ….….. ….….. ….….. 
I am an even-tempered person……………………………………………………  ….….. ….….. ….….. ….….. ….….. 
I am suspicious of overly friendly strangers……………………………………….  ….….. ….….. ….….. ….….. ….….. 
I have threatened people I know…………………………………………………..  ….….. ….….. ….….. ….….. ….….. 
I flare up quickly but get over it quickly……………………………………………..  ….….. ….….. ….….. ….….. ….….. 
Given enough provocation, I may hit another person. …………………………. ….….. ….….. ….….. ….….. ….….. 
When people annoy me, I may tell them what I think of them…………………  ….….. ….….. ….….. ….….. ….….. 
I am sometimes eaten up with jealousy. ………………………………………… ….….. ….….. ….….. ….….. ….….. 
I can think of no good reason for ever hitting a person. ……………………….. ….….. ….….. ….….. ….….. ….….. 
At times I feel I have gotten a raw deal out of life………………………………..  ….….. ….….. ….….. ….….. ….….. 
I have trouble controlling my temper………………………………………………  ….….. ….….. ….….. ….….. ….….. 
When frustrated, I let my irritation show………………………………………….  ….….. ….….. ….….. ….….. ….….. 
I sometimes feel that people are laughing at me behind my back…………….  ….….. ….….. ….….. ….….. ….….. 
I often find myself disagreeing with people………………………………………  
….….. ….….. ….….. ….….. ….….. 
If somebody hits me, I hit back……………………………………………………  ….….. ….….. ….….. ….….. ….….. 
I sometimes feel like a powder keg ready to explode………………………….  ….….. ….….. ….….. ….….. ….….. 
Other people always seem to get the breaks…………………………………..  ….….. ….….. ….….. ….….. ….….. 
There are people who pushed me so far that we came to blows……………..  ….….. ….….. ….….. ….….. ….….. 
I know that “friends” talk about me behind my back……………………………  ….….. ….….. ….….. ….….. ….….. 
My friends say that I’m somewhat argumentative……………………………..  ….….. ….….. ….….. ….….. ….….. 
Sometimes I fly off the handle for no good reason……………………………..  ….….. ….….. ….….. ….….. ….….. 
I get into fights a little more than the average person…………………………..  ….….. ….….. ….….. ….….. ….….. 
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APPENDIX I 
Demographics/Covariates (Study 2) 
1. Are you male or female?          Male            Female 
2. What is the highest level of education that your MOTHER/STEPMOTHER 
(female guardian) whom you have lived with the MOST has completed? (If more 
than one mother, answer for one of them or if you have no contact with your 
mother/stepmother or female guardian please skip to Question 3 below) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
3. What is the highest level of education that your FATHER/STEPFATHER (male 
guardian) whom you have lived with the MOST has completed? (If more than one 
father, answer for one of them or if you have no contact with your 
father/stepmother or male guardian please skip) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
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4. How many computers are in your home? _____ 
5. How often in the last month have you done the following? 
 Never Once or 
twice  
a month 
Once a 
week 
Several 
times 
a week 
Everyday 
a) Played organized sports in 
school? 
     
b) Played organized sports 
outside of school? 
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APPENDIX J 
Video Game Play (Study 2) 
Dichotomous (yes/no) Measures 
What kinds of video or computer games do you usually play? (Fill in all that apply) 
 Puzzle (e.g.,Tetris)                                 Sports (e.g., FIFA Soccer)                   
 Art (e.g., Printshop)                               Racing (e.g., NASCAR) 
 Quiz (e.g., Outburst)                              Fighting (e.g., Mortal Kombat) 
 Action (e.g., Call of Duty)                     Building model worlds (e.g., Sims) 
 
Frequency Measures 
On an average day, how often do you play the following types of video games? 
 Not at 
all 
Less than 1 
hour 
1-2 
hours 
3-4 
hours 
5 or more 
hours 
a) Puzzle (e.g.,Tetris)                                      
b) Sports (e.g., FIFA Soccer)                        
c) Art (e.g., Printshop)                                    
d) Racing (e.g., NASCAR)      
e) Quiz (e.g., Outburst)                                  
f) Building model worlds (e.g., 
Sims) 
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APPENDIX K 
Gambling (Study 2) 
 
How many times in the last month have you done the following? 
 Never Once or twice 
a month 
Once a  
week 
Several times 
a week 
Everyday 
a) Playing cards (poker, 
euchre) for money                                 
     
b) Bet on a sporting event (i.e., 
Proline)                   
     
c) Entered draws for charity                                   
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APPENDIX L 
Aggressive Behavior (Study 2) 
Little, Jones, Henrich and Hawley (2003) 
How true is each statement of you? 
 Never Once or twice 
a month 
Once a  
week 
Several times 
a week 
a) I often threaten others to get what I want                                    
b) When I’m threatened by someone, I often 
threaten back                   
    
c) I often kick, hit, punch others to get what I 
want                               
    
d)When I’m hurt by someone, I often fight 
back 
    
e) If others have angered me, I often hit, 
kick, or punch them 
    
f) If others make me mad or upset, I often 
hurt them 
    
g) To get what I want, I often say mean 
things to others 
    
h) To get what I want, I often hurt others     
i) To get what I want, I often put others 
down 
    
 
Marini, Spear, and Bombay (1999) 
How often have you done these things during the last school year? 
 Never A few 
times a 
year 
A few 
times a 
month 
A few times a 
week 
Everyday 
a) Pushed and shoved someone       
b) Swore at someone and called them 
names                   
     
c) Teased and ridiculed someone                                   
d) Kicked and hit someone      
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APPENDIX M 
Demographics/Covariates (Study 3a) 
1. What is your birth date? ______year ______month _____day 
2. Are you male or female?          Male            Female 
3. What is the highest level of education that your MOTHER/STEPMOTHER 
(female guardian) whom you have lived with the MOST has completed? (If more 
than one mother, answer for one of them or if you have no contact with your 
mother/stepmother or female guardian please skip to Question 4 below) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
4. What is the highest level of education that your FATHER/STEPFATHER (male 
guardian) whom you have lived with the MOST has completed? (If more than one 
father, answer for one of them or if you have no contact with your 
father/stepmother or male guardian please skip) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
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5. I live in residence.  
6. Were you born in Canada?     yes         no 
7. Other than Canadian, is there another culture or ethnic background that your family 
belongs to?     yes         no 
8. In the previous year, how often have you done the following? 
 Never Seldom About 
once a 
month 
2-3 
times a 
month 
About once a 
week 
Several 
times a 
week 
a) Participated in sports clubs        
9. How often do you go drinking or have a drink? 
Never Less than 
once a month 
1-3 times a 
month 
Once a 
week 
2 times a week 3-4 times a 
week 
5-6 times a 
week 
Every day 
        
10. On average, when you are drinking alcohol, about how many drinks do you have? 
Less than 1 
drink 
1 drink 2-3 drinks 4-6 drinks 7-10 drinks Over 10 drinks 
      
11. On the average day, how many hours do you spend doing the following? 
 Not at 
all 
Less than 
1 hour 
1-2 
hours 
3-4 hours 5 or 
more 
hours 
a) Going on the Internet of online 
poker, sports betting, online casinos  
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APPENDIX N 
Aggressive Affect (Study 3a) 
Fill in the best answer that describes you. 
 Very 
unlike 
me 
Unlike 
me 
Neither 
like me or 
unlike me 
Like 
me 
Very 
like me 
a) At times I feel I have gotten a raw deal 
out of life                                 
     
b) Sometimes I fly off the handle for no 
good reason                   
     
c) Other people always seem to get the 
breaks                               
     
d) I have trouble controlling my temper      
e) I wonder why sometimes I feel so bitter 
about things                              
     
f) I sometimes feel like a powder keg ready 
to explode 
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APPENDIX O 
Demographics/Covariates (Study 3b) 
1. Are you male or female?          Male            Female 
2. What is the highest level of education that your MOTHER/STEPMOTHER 
(female guardian) whom you have lived with the MOST has completed? (If more 
than one mother, answer for one of them or if you have no contact with your 
mother/stepmother or female guardian please skip to Question 4 below) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
3. What is the highest level of education that your FATHER/STEPFATHER (male 
guardian) whom you have lived with the MOST has completed? (If more than one 
father, answer for one of them or if you have no contact with your 
father/stepmother or male guardian please skip) 
 Did not finish high school 
 Finished high school 
 Some college, university, or apprenticeship program 
 Completed a college/apprenticeship diploma (e.g., electrician) and/or technical 
diploma (i.e., graphic design, hair dressing) 
 Completed a university undergraduate degree 
 Completed a professional degree (e.g., masters, PhD, medical doctor, lawyer) 
 Still going to school 
 Don’t know 
4. I live in residence.    yes          no 
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5. Were you born in Canada?     yes         no 
6. Other than Canadian, is there another culture or ethnic background that your family 
belongs to?     yes         no 
7. How many computers are in your home? _____ 
8. How often in the last month have you done the following? 
 Never Once or 
twice  
a month 
Once a 
week 
Several 
times 
a week 
Everyday 
a) Played organized sports in 
school? 
     
b) Played organized sports 
outside of school? 
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APPENDIX P 
Video Game Play (Study 3a & Study 3b) 
On an average day, how often do you play the following types of video games? 
 Not at 
all 
Less than 1 
hour 
1-2 
hours 
3-4 
hours 
5 or more 
hours 
a) Action (e.g., God of War)                                      
b) Sports (e.g., FIFA Soccer)                        
c) Fighting (e.g., Mortal 
Kombat)                               
     
d) Racing (e.g., Gran Turismo)      
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APPENDIX Q 
Aggressive Behavior (Study 3a & Study 3b) 
How often have you done these things during the last school year? 
 Never A few 
times a 
year 
A few 
times a 
month 
A few times a 
week 
Everyday 
a) Pushed and shoved someone       
b) Swore at someone and called them 
names                   
     
c) Teased and ridiculed someone                                   
d) Kicked and hit someone      
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APPENDIX R 
Correlation Table for Main Study 2 Variables from Grades 9 through 12 
Notes. vg = video game play; gbl = gambling; Freq = frequency; 9 = grade 9; 10 = grade 10; 11 = grade 11; 12 = grade 12. r = 
.06 or higher is significant at p < .05. 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1. Aggression 9 --                     
2. Aggression 10 .52 --                    
3. Aggression 11 .49 .56 --                   
4. Aggression 12 .51 .54 .72 --                  
5. Competitive vg 9 .20 .21 .20 .22 --                 
6. Competitive vg 10 .21 .25 .24 .25 .49 --                
7. Competitive vg 11 .20 .27 .25 .28 .41 .51 --               
8. Competitive vg 12 .15 .19 .21 .26 .31 .34 .40 --              
9. Non-competitive vg 9 -.09 -.09 -.08 -.09 .12 -.02 -.04 -.03 --             
10. Non-competitive vg 10 -.06 -.06 -.08 -.08 -.01 .09 -.01 -.03 .35 --            
11. Non-competitive vg 11 -.01 -.01 -.03 -.04 .03 .07 .25 .06 .23 .45 --           
12. Non-competitive vg 12 .01 .02 .01 .04 .07 .10 .19 .13 .24 .41 .64 --          
13. Freq competitive gbl 9  .32 .25 .24 .25 .25 .22 .20 .16 -.06 -.07 -.02 .01 --         
14. Freq competitive gbl 10 .26 .36 .31 .37 .25 .35 .28 .19 -.09 -.11 -.03 .02 .40 --        
15. Freq competitive gbl 11 .23 .32 .38 .33 .24 .27 .30 .22 -.09 -.09 -.01 .04 .34 .47 --       
16. Freq competitive gbl 12 .23 .29 .33 .35 .23 .26 .26 .30 -.09 -.09 -.01 .06 .34 .44 .49 --      
17. Freq non-competitive gbl 9 .04 .03 .03 .02 .03 .02 .01 .01 .01 .00 .00 -.01 .24 .07 .05 .05 --     
18. Freq non-competitive gbl 10 .09 .22 .14 .13 .06 .08 .07 .05 -.01 .03 .01 .02 .10 .38 .15 .14 .18 --    
19. Freq non-competitive gbl 11 .09 .17 .19 .18 .09 .10 .16 .10 -.03 -.02 .05 .04 .11 .19 .49 .21 .14 .31 --   
20. Freq non-competitive gbl 12 .09 .12 .15 
 
.18 .08 .09 .10 .14 -.03 -.02 .01 .08 .10 .14 .18 .54 .11 .17 .24 --  
21. Violent vg moderator .18 .24 .20 .28 .31 .32 .40 .26 .00 .06 .16 .23 .20 .24 .27 .24 .04 .04 .09 .09 -- 
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APPENDIX S 
Correlation Table for Main Study 2 Variables for Grade 11 and 12 
Notes. vg = video game play; gbl = gambling; Freq = frequency; 11 = grade 11; 12 = grade 12. r = .06 or higher is significant 
at p < .05. 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 
1. Aggression 11 --           
2. Aggression 12 .72 --          
3. Freq competitive vg 11 .36 .36 --         
4. Freq competitive vg 12 .35 .39 .77 --        
5. Freq non-competitive vg 11 .02 .05 .22 .13 --       
6. Freq non-competitive vg 12 .00 .06 .12 .26 .50 --      
7. Freq competitive gbl 11 .40 .39 .37 .36 .06 .04 --     
8. Freq competitive gbl 12 .33 .36 .31 .38 .04 .17 .50 --    
9. Freq non-competitive gbl 11 .21 .22 .17 .16 .11 .06 .50 .23 --   
10. Freq non-competitive gbl 12 .19 .22 .13 .19 .03 .22 .19 .54 .25 --  
11. Violent vg  moderator .20 .28 .28 .30 .22 .13 .09 .09 .27 .24 -- 
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APPENDIX T 
Correlation Table for Main Study 3a Variables for the Young Adult Sample 
Notes. Vg = video game play; 1 = Time 1, 2 = Time 2; 3 = Time 3. r = .07 or higher is significant at p < .05. 
 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 
1. Aggressive behavior 1 --           
2. Aggressive behavior 2 .71 --          
3. Aggressive behavior 3 .59 .65 --         
4. Sports/racing vg 1 .27 .31 .23 --        
5. Sports/racing vg 2 .24 .25 .22 .51 --       
6. Sports/racing vg 3 .22 .24 .26 .50 .63 --      
7. Action/fighting vg 1 .24 .26 .20 .57 .33 .33 --     
8. Action/fighting vg 2 .19 .18 .18 .29 .55 .35 .40 --    
9. Action/fighting vg 3 .15 .17 .18 .32 .35 .50 .44 .58 --   
10.  Aggressive affect 2 .35 .29 .27 .12 .14 .16 .16 .15 .20 --  
11.  Aggressive affect 3 .26 .34 .26 .16 .12 .14 .18 .18 .18 .54 -- 
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APPENDIX U 
Correlation Table for Main Study 3b Variables for the Adolescent Sample 
Notes. Vg = video game play; 11 = Grade 11; 12 = Grade 12. r = .06 or higher is significant at p < .05. 
 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 
1. Aggressive behavior 11 --           
2. Aggressive behavior 12 .69 --          
3. Sports/racing vg 11 .33 .39 --         
4. Sports/racing vg 12 .33 .39 .77 --        
5. Action/fighting vg 11 .22 .27 .43 .35 --       
6. Action/fighting vg 12 .21 .38 .33 .39 .45 --      
7. Parental education -.06 -.07 -.06 .04 -.03 -.05 --     
8. Gender -.31   -.39 -.54 -.56 -.44 -.41 -.05 --    
9. Sports involvement .14 .10 .25 .24 .00 -.04 .19 -.20 --   
10.  Born in Canada .01 .04 .07 .10 .04 .04 .13 -.03 .02 --  
11.  Ethnicity .00   -.02 -.02 .00 -.04 -.04 -.03 .03 .01 -.04 -- 
